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SINGLE CHAIN VARIABLE FRAGMENT
ANTI-CD133 ANTIBODIES AND USES
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a U.S. National Stage Application of
International Application No. PCT/US2010/059827, titled
SINGLE-CHAIN VARIABLE FRAGMENT ANTI-CD133
ANTIBODIES AND USES THEREOF, filed on Dec. 10,
2010, published in the English language on Dec. 1, 2011 as
International Publication No. WO 2011/149493 Al, which
claims priority to U.S. Provisional Patent Application Ser.
No. 61/348,348, filed May 26, 2010 and U.S. Provisional
Patent Application Ser. No. 61/390,011, filed Oct. 5, 2010,
each of which is hereby incorporated by reference in its
entirety.

BACKGROUND

Cancer cells differentiate, as do normal cells. The tumor
cell populations include a relatively small cohort of less dif-
ferentiated, self-renewing, tumor initiating stem cells and a
relatively larger cohort of more differentiated tumor cells.
More differentiated cells are more susceptible to chemo-
therapy and the minor fraction of less differentiated cancer
stem cells are more drug resistant, thus contributing to drug
refractory relapse. CD133 is an established marker for cancer
stem cells

Human CD133 is a cell surface glycoprotein that has been
used as a marker of hematopoietic stem cells, neural stem
cells, and for enrichment of a tumor initiating cell population
in many cancers including colon carcinoma and glioblastoma
(Kemper et al.; Weigmann et al., 1997; Yin et al., 1997).
Anti-CD133 antibodies are important tools useful in the iden-
tification, isolation and targeting of these stem cell popula-
tions. Although many CD133 antibodies are commercially
available, they have several limitations. First, the most widely
used anti-CD133 monoclonal antibodies recognize what was
initially thought to be poorly-defined glycosylated epitopes
(Bidlingmaier et al., 2008), but more recently reported to be
non-glycosylated epitopes that are lost during differentiation,
perhaps due to epitope masking (Kemper et al.). In either
case, these antibodies do not detect cells expressing certain
post-translationally modified CD133 epitopes and therefore
cannot be used to determine the total CD133 expression.
Second, commercially available anti-CD133 antibodies that
target an unmodified CD133 epitope are often polyclonal.
Third, most of the currently available antibodies are only
suitable for use in limited biological assays. To overcome
these shortcomings, there is a need to generate a new anti-
CD133 monoclonal antibody that specifically recognizes a
non-glycosylated epitope of CD133 and is useful in multiple
biological assays.

Carcinomas are invasive malignant tumors of transformed
epithelial cells. Some of the deadliest cancers are carcinomas
including drug refractory cancers of the pancreas, head and
neck, prostate, breast, colon, and other organs. For example,
in pancreatic cancer, only 10-15% of patients are found to be
resectible at diagnosis because of its aggressive growth and
rapid speed of metastasis to lymph nodes and liver. Median
survival is 3-6 months with a 5-year survival rate of 1-4%
when all stages are considered and more than 32,000 patients
eachyeardiein U.S. alone. Breast cancer, with a considerably
better survival rate, still had an estimated 178,000 new cases
in 2007 with an expected 40,000 fatalities according to the
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American Cancer Society. In the case of head and neck can-
cers, in the United States, 0f 40,000 in reported cases in 2006,
about 11,000 died of their disease. The primary culprit is a
metastatic reoccurrence of drug refractory disease, so alter-
native drugs are urgently needed.

SUMMARY OF THE INVENTION

In one aspect, the invention provides a monoclonal anti-
body that specifically binds to human CD133. In some
embodiments, the monoclonal antibody is a monoclonal anti-
body produced by Hybridoma Clone 7, as described herein.

In another aspect, the invention provides the hybridoma
identified herein as Hybridoma Clone 7.

In another aspect, the invention provides a single-chain
variable-fragment (scFv) of the monoclonal antibody pro-
duced by Hybridoma Clone 7. In some embodiments, the
scFv comprises the amino acid sequence of SEQ ID NO:47,
SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ 1D
NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, or
SEQID NO:55. In one particular embodiment, the scFv com-
prises the amino acid sequence of SEQ 1D NO:53.

In another aspect, the invention provides an isolated poly-
nucleotide comprising a nucleotide sequence that encodes the
amino acid sequence of SEQ ID NO:47, SEQ ID NO:48, SEQ
ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52,
SEQ ID NO:53, SEQ ID NO:54, or SEQ ID NO:55. In some
embodiments, the isolated polynucleotide comprises a nucle-
otide sequence that encodes the amino acid sequence of SEQ
ID NO:53. In one particular embodiment, the isolated poly-
nucleotide comprises the nucleic acid sequence of SEQ ID
NO:56.

In another aspect, the invention provides fusion polypep-
tides. Generally, a fusion polypeptide includes a targeting
moiety and a toxin moiety. The targeting moiety can include
amonoclonal antibody described herein or a scFv thereof that
specifically binds to a marker that is differentially expressed
by cancer stem cells. In some embodiments, the toxin moiety
can include a deimmunized therapeutically active portion of a
cytolytic toxin.

In another aspect, the invention provides compositions that
include a plurality of fusion polypeptides as just described. In
some embodiments, the composition can include a first fusion
polypeptide and a second fusion polypeptide, wherein the
first fusion polypeptide specifically binds to a first marker
differentially expressed by cancer stem cells and the second
fusion polypeptide specifically binds to a second marker dif-
ferentially expressed by cancer stem cells. In one embodi-
ment, one fusion polypeptide may specifically bind to CD133
and another fusion polypeptide may specifically bind to
EGFR.

In another aspect, the invention provides compositions in
which the monoclonal antibody or scFv thereof may be
coupled to a nanoparticle. In certain embodiments, the nano-
particle may be biodegradable. In certain embodiments, the
nanoparticle may contain a cytolytic toxin.

In another aspect, the invention provides therapeutic meth-
ods that include administering to a subject in need of such
treatment a therapeutically effective amount of a composition
that includes a monoclonal antibody described herein or a
scFv thereof. In some embodiments, the monoclonal anti-
body or scFv thereof may be fused to a therapeutic moiety or
coupled to a nanoparticle that contains a therapeutic com-
pound.

In another aspect, the invention provides a composition
that includes a monoclonal antibody as described herein or a
scFv thereof coupled to a detectable marker.
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In yet another aspect, the invention provides a method of
detecting cells that express a cancer stem cell marker. Gen-
erally, the method includes contacting at least one cell that
expresses CD133 and a composition that includes a mono-
clonal antibody as described herein or a scFv thereof coupled
to a detectable marker and detecting a portion of the compo-
sition that specifically binds to the cell. In some embodi-
ments, the composition may be administered to a subject.

The above summary of the present invention is not
intended to describe each disclosed embodiment or every
implementation of the present invention. The description that
follows more particularly exemplifies illustrative embodi-
ments. In several places throughout the application, guidance
is provided through lists of examples, which examples can be
used in various combinations. In each instance, the recited list
serves only as a representative group and should not be inter-
preted as an exclusive list.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1: CD133 antigen used for vaccination. Topology
map (Panel A) and amino acid sequence of CD133 protein
(Panel B, SEQ ID NO:1). A recombinant chimeric CD133
antigen (SEQ ID NO:2) consisting of amino acid residues
180-380 and 612-765 of SEQ ID NO:1, underlined in Panel
B, was generated. This recombinant chimeric CD133 antigen
(SEQ ID NO:2) was bacterially expressed, purified and dem-
onstrated to have a molecular weight of 45 kDa by SDS-
PAGE (Panel C).

FIG. 2: Analysis of the newly generated CD133 hybri-
doma. Supernatants of hybridoma clones were tested as a
primary antibody in western blot (Panel A) and Immunofluo-
rescence (Panel B) assays. Pre-immunized serum (-ve) or
post immune anti sera (a.s.) served as controls. For western
blot, Caco-2 lysates normalized for protein concentration
were loaded onto a SDS-PAGE gel, resolved, blotted onto a
nitrocellulose membrane and cut into strips. Each strip was
probed with supernatant from the identified hybridoma.
Membrane in Lane 1 was probed with a commercially avail-
able antibody (ab 19898, Abeam) and served as an additional
positive control. For immunofluorescence, Caco-2 cells were
fixed and immunostained with the hybridoma supernatants. A
commercially available antibody (293C3, Militenyi) was
used as additional positive control. Scale bars in the panel
represent 200 micrometers. Supernatant of Hybridoma Clone
7 was used in the immunohistochemical analysis of primary
glioblastoma and kidney tissue (Panel C).

FIG. 3: Specificity of antibody produced by Hybridoma
Clone 7. (A) Flow cytometry. Cells were incubated with
primary antibody from either Hybridoma Clone 7 or 293C3
(Militenyi), followed by incubation with a labeled secondary
antibody, and then analyzed by flow cytometry. Antibody
from the newly developed anti-CD 133 Hybridoma Clone 7
(open black histogram) stains very specifically the CD133-
overexpressing cells, Caco-2 (iii), GBMS6 (iv) and U87 cells
transfected with CD133 (ii) but not CD133 negative U87 cells
(1). Immunostaining using the monoclonal antibody produced
by Hybridoma Clone 7 is compared to clone 293C3 (open
grey histogram). Isotype control is represented by solid grey
histogram. (B) Tunicamycin mediated glycosylation inhibi-
tion. Caco-2 cells were treated with increasing doses of tuni-
camycin (2.5, 5, 10, 20 pg/ml) for 3 days. DMSO treated cells
or untreated cells served as controls. Cells were lysed and
then analyzed by Western blotting using the monoclonal anti-
body produced by Hybridoma Clone 7 or GAPDH antibodies.

FIG. 4: CD133scFV recognizes the CD133 marker. The
CD133scFv was labeled with FITC. An oligonucleotide was
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prepared from the known GenBank sequence of CD133 and
then transfected into HEK293-TLR2 cells using a polyethyl-
enimine (PEI)-DNA complex. The cells were incubated with
anti-CD133scFv-FITC complex, washed, and then analyzed
by flow cytometry. Data are represented in standard histo-
gram format whereby % positive cells are plotted against
fluorescence intensity. Only the CD133-transfected cells
reacted with the FITC-labeled CD133scFv. Controls include
transfected cells reacted with empty vector, transfected cells
reacted with an isotype control, or untransfected cells that are
not reacted with CD133-FITC.

FIG. 5: The deimmunized CD133KDEL gene consists of
the anti-CD133 scFV spliced to downstream PE38 with a
terminal KDEL sequence.

FIG. 6: Trypan blue viability assay in which viability is
measured daily in cultured cells. UMSCC-11B head and neck
cancer cells were treated with either dCD133KDEL
(CD133KDEL) or control anti-B cell targeted toxin CD22
KDEL.

FIG. 7: The dCD133KDEL fusion protein prevents tumor
initiation which is a characteristic of tumor stem cells. Tumor
initiation assay in which sorted cells are injected into the flank
of nude mice. The graph shows the rate of tumor growth for
those tumors that grow. P value indicates the significance of
the difference between the sorted and nonsorted (control)
group.

FIG. 8: Trypan blue viability assay measuring the effect of
dCD133KDEL on cultured MDA-MB-231 cells over time.
NTR—No treatment.

FIG. 9: The effect of dCD133KDEL on tumor progression
in mice with systemic MDA-MB-231 tumors. Systemic
tumors were induced in nude mice by giving 2 million cells
via intrasplenic injection. Treatment of mice was begun on
Day-6 post-tumor inoculation with dCD133KDEL. A single
course of treatment consisted of an injection of 20 pug of drug
given every other day (MWF) and mice were given 6 courses
oftreatment. Animals were imaged weekly. Bioluminescence
intensity was measured as a function of photons/sec/st/cm?.
Controls were untreated.

FIG. 10: Bioluminescence analysis of tumor progression in
mice treated with dCD133KDEL, dEGF4KDEL, or a mixture
of both.

FIG. 11: *H-thymidine uptake assays showing no activity
loss when the mutated (2219ARLKDEL 7mut, Batch 1,
Batch 2, and Batch 3) and non-mutated forms (2219AR-
LKDEL) (Parental)) were compared against Daudi cells. Cell
killing was the same after 48 hours for all 3 batches of mutated
and 1 batch of non-mutated drug.

FIG. 12: Groups of normal mice were immunized weekly
with mutated or non-mutated drug. Animals were bled and
serum tested weekly for anti-toxin antibody using ELISA.
Values were averaged and then analyzed by Student T test.
Curves were significantly different (p<0.05).

FIG. 13: The ability of serum samples from mice in FIG. 12
to neutralize the killing of a fixed amount of 2219KDEL.
Serum was taken from four 2219KDEL7mut-immunized
mice and two mice immunized with non-mutated
2219KDEL, then incubated with 0.2 nM 2219KDEL. Serum
from the 2219KDELmut7 mice did not block cell killing by
2219KDEL.

FIG. 14: Mice with systemic B cell disease were treated
with mutated 2219KDEL7mut. Eighty percent of these were
disease free survivors. Controls all died.

FIG. 15: Immunocompetent B6 mice (n=5/group) were
immunized weekly with EGFATFKDEL 7mut and non-de-
immunized EGFATFKDEL. Serum was removed weekly and
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anti-toxin (PE) levels were determined in sensitive ELISA
assay. The response was significantly inhibited.

FIG. 16: The effect of dCD133KDEL on MiaPaCa-2 pan-
creatic cancer cells. dCD133KDEL was tested on the cell line
using a *H-leucine incorporation protein synthesis assay.
CD3CD3 KDEL was included as negative control.
dEGF4KDEL was included as a positive control because of
the high EGFR expression on this cell line. Data is expressed
as percentage of *H-leucine incorporation relative to control
cells incubated in media alone.

FIG.17: The effect of dCD133KDEL on NA head and neck
cancer cells. dCD133KDEL was tested on the NA cell line
using a *H-leucine incorporation protein synthesis assay.
CD3CD3 KDEL was included as negative control. dEp-
CAM23 was included as a positive control because of the high
EpCAM expression on this cell line. Data is expressed as
percentage of *H-leucine incorporation relative to control
cells incubated in media alone.

FIG. 18: Western blot showing binding of anti-mouse IgG
to CD133 antibody-conjugated nanoparticles (lane 3) but not
to unconjugated nanoparticles (lane 2).

FIG. 19: Flow cytometry data of PLGA particles loaded
with 6-coumarin and either conjugated to CD133 antibody (c)
or unconjugated (b).

FIG. 20: Fluorescent immunostaining of Caco-2 cells
using CD133-immunoparticles.

FIG. 21: CD133-conjugated nanoparticle (CD133-NP)
and unconjugated nanoparticle (NP) content of Caco-2 cell
lysates. Caco-2 cells exhibited greater uptake of CD133-
conjugated nanoparticles.

FIG. 22: The effect of dCD133KDEL on in vive tumor
progression in nude mice with human head and neck flank
tumors. A) Tumor volume was measured with calipers. B)
Bioluminescence images of treated (dACD133KDEL Treated)
and untreated (PBS Treated) mice over time.

FIG. 23: The effect of dCD133KDEL on in vive tumor
progression in nude mice with human head and neck flank
tumors. Bioluminescence images of treated (CD133KDEL),
untreated (No Treatment), and control (CD19 KDEL) mice
over time.

FIG. 24: Photographs showing tumor regression in nu/nu
mice with human glioblastoma xenografts treated with
scFvCD133-KDEL. A) Tumor signal pre-treatment, seven
days after intraperitoneal injection of human glioblastoma
cells; B) Tumor signal following 14 days of treatment with
scFvCD133-KDEL.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The present invention provides compositions and methods
that exploit the discovery of monoclonal antibodies and frag-
ments thereof that specifically bind to certain markers that are
differentially expressed by cancer stem cells. The composi-
tions and methods described herein may provide additional
options for the detection and treatment of certain forms of
cancer because the monoclonal antibodies (and fragments
thereof) target a population of cancer stem cells. This may
allow for earlier detection of certain forms of cancer and/or
provide effective treatment by targeting a small but prolifera-
tive subpopulation of tumor cells.

Throughout the disclosure that follows, the following
terms shall have the indicated meanings:

“Differentially expressed” refers to the character of a
marker that is expressed to a different degree by a cancer stem
cell compared to the expression of the marker by another cell
type. In some cases, the differential expression may be that
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the marker is expressed to a greater degree by a cancer stem
cell than by another cell type. In certain cases, the marker may
be expressed by a cancer stem cell, but not expressed at a
detectable level in a cell type other than a cancer stem cell.

“Moiety” and variations thereof refer to a portion of a
chemical compound that exhibits a particular character such
as, for example, a particular biological or chemical function
(e.g., target specificity or cytolytic activity).

“Polypeptide” refers to a polymer of amino acids linked by
peptide bonds. Thus, for example, the terms peptide, oli-
gopeptide, protein, and enzyme are included within the defi-
nition of polypeptide. This term also includes post-expression
modifications of the polypeptide, such as glycosylations,
acetylations, phosphorylations, and the like. The teem
polypeptide does not connote any particular minimum length
or maximum length of a polymer of amino acids. A polypep-
tide may be isolatable directly from a natural source, or can be
prepared with the aid of recombinant, enzymatic, or chemical
techniques.

“Specific” and variations thereof refer to having a differ-
ential or a non-general (i.e., non-specific) affinity, to any
degree, for a particular target.

“Therapeutic” and variations thereof refer to a treatment or
a moiety that ameliorates one or more existing symptoms or
clinical signs associated with a condition. “Ameliorate” refers
to any reduction in the extent, severity, frequency, and/or
likelihood of a symptom or clinical sign characteristic of a
particular condition. “Sign” or “clinical sign” refers to an
objective physical finding relating to a particular condition
capable of being found by one other than the patient. “Symp-
tom” refers to any subjective evidence of disease or of a
patient’s condition.

The term “and/or” means one or all of the listed elements or
a combination of any two or more of the listed elements.

The terms “comprises” and variations thereof do not have
a limiting meaning where these terms appear in the descrip-
tion and claims.

Unless otherwise specified, “a,” “an,” “the,” and “at least
one” are used interchangeably and mean one or more than
one.

Also herein, the recitations of numerical ranges by end-
points include all numbers subsumed within that range (e.g.,
1to S includes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, etc.).

A significant disadvantage of the currently available
CD133 antibodies is that each antibody is suitable only for a
specific type of immunoassay, requiring use of multiple anti-
bodies for a broad range of techniques. Here we report a novel
anti-CD133 monoclonal antibody that recognizes the CD133
antigen in Western blotting, immunofluorescence, immuno-
histochemistry, and flow cytometry applications. The pre-
liminary screening of hybridomas in our studies was accom-
plished by ELISA, suggesting that Hybridoma Clone 7 could
potentially be used in ELISA applications as well. In addi-
tion, we have cloned the single-chain variable-fragment
(scFv) of the Hybridoma Clone 7 antibody.

A second, related limitation of existing CD133 antibodies
is that the most commonly used anti-CD133 antibodies, e.g.,
AC133 and 293C3, recognize what have been reported to be
glycosylated CD133 epitopes (reviewed in Bidlingmaier et
al., 2008). Alternatively, others proposed that these are not
glycosylated epitopes, but rather epitopes that become
masked as a consequence of glycosylation due to changes
protein folding. Perhaps not surprisingly, there has been great
controversy regarding the ability of cells sorted using these
glycosylation-dependent CD133 antibodies to enrich for
cells with increased tumor initiation and self-renewal capac-
ity. Numerous reports have documented CD133* cells with
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exclusive tumor-initiating potential, but many contradictory
studies have demonstrated CD133~ cells also initiate tumors
in xenotransplantation assays (Bidlingmaier et al., 2008). In
some cases, the so-called “CD133~ cells” are CD133* cells
that have lost the AC133/293C3 epitopes. Indeed, differen-
tiation of colon tumor-initiating cells may be accompanied by
a loss of the AC133 epitope, tumorigenicity, and clonogenic-
ity, despite stable levels of CD133 mRNA.

The combined use of glycosylation-dependent (e.g.,
AC133, 293C3) and glycosylation-independent (e.g., Hybri-
doma Clone 7) CD133 antibodies could be an extremely
powerful tool to distinguish changes in CD133 glycosylation
from changes in CD133 expression. This may be a distinction
that is exploitable in the effort to test the cancer stem cell
hypothesis using cells sorted based on surface markers such
as CD133. The demonstrated reactivity of Hybridoma Clone
7 for glycosylated and non-glycosylated epitopes suggests it
could be useful to target therapeutics to CD133™ cancer cells
regardless of differentiation state.

A recombinant chimeric antigen consisting of amino acid
residues 180-380 and 612-765 of the CD133 protein was
designed (FIG. 1A, FIG. 1B) based on the reported structure
of CD133 (Shmelkov et al., 2005). Hopp-Woods antigenic
analysis plot, Kyte-Doolittle hydropathy characterization and
Emini Surface probability analysis were used to identify and
avoid hydrophobic, non-specific, and weakly immunogenic
regions. The recombinant antigen was expressed in E. coli,
purified, and analyzed by SDS-PAGE (FIG. 1C). The purified
protein had a molecular weight of 45 kDa, which was in
agreement with the predicted molecular weight.

The purified antigen was injected into BALB/c mice for the
generation of monoclonal anti-CD133 antibody using stan-
dard hybridoma technology. Cell culture supernatants from
the resulting hybridoma clones were screened for the produc-
tion of antibodies against recombinant CD133 by ELISA.
After two rounds of screening, 11 positive stable hybridoma
clones secreting anti-CD133 antibodies were obtained.

We validated the screened hybridomas by Western blot and
immunofluorescence assays using CD133* Caco-2 cells,
which revealed a distinct band corresponding to the predicted
molecular weight of CD133 with the supernatants of only
Hybridoma Clone 7 and Hybridoma Clone 17 (FIG. 2A). In
the immunofluorescence assay, however, supernatants from
Hybridoma Clone 7, Hybridoma Clone 15, and Hybridoma
Clone 16 robustly stained the Caco-2 cell membrane, while
supernatant from Hybridoma Clone 9 and Hybridoma Clone
13 provided weak staining (FIG. 2B).

As Hybridoma Clone 7 was effective in recognizing the
CD133 epitope in both the assays, we selected it for further
characterization and to test its use in other applications. In the
immunohistochemical analysis of human glioma and kidney
tissue sections, Hybridoma Clone 7 resulted in membrane-
specific staining (FIG. 2C). The staining was sharp and uni-
form in the kidney sections and more heterogeneous in the
glioma tissue.

We next determined the specificity of Hybridoma Clone 7
to CD133. CD133""~ U87 cells were transfected with an
expression plasmid encoding the human CD133 cDNA,
stained with either Hybridoma Clone 7 or a commercially-
available CD133 antibody (293C3) and analyzed by flow
cytometry. Appropriate isotype antibody and mock trans-
fected U87 cells were used as controls. Hybridoma Clone 7
and 293C3 antibody did not appreciably stain non-transfected
U87 cells (FIG. 3A(i) and FIG. 3A(ii)). In contrast, both
antibodies labeled CD133-transfected cells, demonstrating
the specificity of Hybridoma Clone 7 for CD133. Next,
Hybridoma Clone 7 was able to immunostain Caco-2 and
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GBM6 cells that endogenously express CD133 like the
293C3 antibody. (FIG. 3A(iii) and FIG. 3A(iv)).

Next, we determined whether Hybridoma Clone 7 recog-
nizes a glycosylated epitope. Caco-2 cells were treated with
tunicamycin, a well-documented protein glycosylation
inhibitor (Tkacz and Lampen, 1975; Lehle and Tanner, 1976),
prior to Western blot analysis. In tunicamycin treated
samples, a 130 kDa band corresponding to glycosylated
CD133 protein and a 95 kDa band likely from non-glycosy-
lated protein were seen. In contrast, only the glycosylated
CD133 band was seen in control samples. The 130 kDa band
was present even in samples treated with high doses of tuni-
camycin and following prolonged treatment, indicating
incomplete inhibition of CD133 glycosylation in these cells.
Higher doses of tunicamycin resulted in apparent cytotoxicity
as is evident from declining GAPDH bands. These results
strongly suggest that Hybridoma Clone 7 specifically binds to
an non-glycosylated epitope.

Next, Hybridoma Clone 7 was used to clone the scFv of the
CD133-specific monoclonal antibody produced by Hybri-
doma Clone 7. Initially, a mouse scFv library was constructed
using RNA derived from Hybridoma Clone 7. After total
RNA purification and first-strand cDNA synthesis, the scFv-
encoding gene repertoire was amplified (Example 10). The
VH and VL gene pools were separately amplified from the
synthesized cDNA. The scFv genes were assembled ran-
domly by fusing VH and VL fragments using an overlap PCR.
The scFv cDNA and vector were digested by a single, rarely-
cutting restriction endonuclease, Sfil. After ligation, the
recombinant constructs were transformed into electrocompe-
tent E. coli XLI-BLUE. After overnight incubation, the
amplified recombinant phagemid was extracted from the host
bacteria. The library construction was achieved in only one
transformation and had a theoretical size of 1.0x10”.

Standard panning was performed for three rounds, after
which 30 randomly-selected clones were assayed for their
reactivity against CD133 using phage ELISA. Nine positive
clones were identified, each producing a scFv: SEQ ID
NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50,
SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ 1D
NO:54, and SEQ ID NO:55. DNA sequencing showed that
five of the nine CDI133-specific clones were identical,
strongly suggesting that they are all derived from the single
Hybridoma Clone 7.

Recombinant Clone 11 (encoding SEQ ID NO:53) was
selected for transformation into E. coli Top 10F' for expres-
sion. In that process, Recombinant Clone 11 was truncated at
both the 5' end and the 3' end so that the scFv polypeptide
encoded by the clone possess a deletion of N-terminal amino
acids and C-terminal amino acids. The cloned coding
sequence is reflected in SEQ ID NO:57 and the encoded scFv
polypeptide is reflected in SEQ ID NO:58. As compared to
SEQ ID NO:53, SEQ ID NO:58 is truncated by six amino
acids at the N-terminal and 16 amino acids at the C-terminal.
SEQIDNO:58 also possesses a methionine at the N-terminal,
which is an artifact of the cloning process.

Soluble expression of the scFv (SEQ ID NO:58) was
achieved by using £. coli secretion machinery and induced at
low temperature (30° C.). The expressed scFv (SEQ ID
NO:58) was found mainly in the culture medium and E. coli
periplasmic space.

Soluble scFv ELISA was performed to confirm the binding
specificity to CD133. The Recombinant Clone 11 scFv (SEQ
1D NO:58), present in both the culture medium and the peri-
plasmic space, was specific for human CD133.

Thus, in one aspect, the invention provides a scFv of the
monoclonal antibody produced by Hybridoma Clone 7, as
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described herein. As used herein, a scFv of the monoclonal
antibody produced by Hybridoma Clone 7 can include a
polypeptide that includes any one of SEQ ID NO:47, SEQ ID
NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51,
SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, SEQ 1D
NO:55, SEQ ID NO:58 or a polypeptide structurally similar
to a reference polypeptide that includes any one of SEQ ID
NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50,
SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ 1D
NO:54, SEQ ID NO:55, SEQ ID NO;58.

In one embodiment, the scFv includes the amino acid
sequence of SEQ ID NO:53. In other embodiments, the scFv
is a polypeptide that is structurally similar to a reference
polypeptide, in which the reference polypeptide includes the
amino acid sequence of SEQ ID NO:53.

In another embodiment, the scFv includes the amino acid
sequence of SEQ ID NO:58. In other embodiments, the scFv
is a polypeptide that is structurally similar to a reference
polypeptide, in which the reference polypeptide includes the
amino acid sequence of SEQ ID NO:58.

As used herein, a polypeptide is “structurally similar” to a
reference polypeptide if the amino acid sequence of the
polypeptide possesses a specified amount of identity com-
pared to the reference polypeptide. Structural similarity of
two polypeptides can be determined along the entire length of
the longer polypeptide by aligning the residues of the two
polypeptides (for example, a candidate polypeptide and the
polypeptide of, for example, SEQ ID NO:47, SEQ ID NO:48,
SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ 1D
NO:52, SEQ ID NO:53, SEQ ID NO:54, SEQ ID NO:55, or
SEQ ID NO:58) to optimize the number of identical amino
acids along the lengths of their sequences; gaps in either or
both sequences are permitted in making the alignment in
order to optimize the number of identical amino acids,
although the amino acids in each sequence must nonetheless
remain in their proper order. A candidate polypeptide is the
polypeptide being compared to the reference polypeptide. A
candidate polypeptide can be isolated, for example, from an
animal, or can be produced using recombinant techniques, or
chemically or enzymatically synthesized.

A pair-wise comparison analysis of amino acid sequences
can be carried out using the BESTFIT algorithm in the GCG
package (version 10.2, Madison Wis.). Alternatively,
polypeptides may be compared using the Blastp program of
the BLAST 2 search algorithm, as described by Tatiana et al.,
(FEMS Microbiol Lett, 174, 247-250 (1999)), and available
on the National Center for Biotechnology Information
(NCBI) website. The default values for all BLAST 2 search
parameters may be used, including matrix=BLOSUM®62;
open gap penalty=11, extension gap penalty=1, gap
x_dropoft=50, expect=10, wordsize=3, and filter on.

In the comparison of two amino acid sequences, structural
similarity may be referred to by percent “identity” or may be
referred to by percent “similarity.” “Identity” refers to the
presence of identical amino acids along the entire length of
the longer polypeptide. “Similarity” refers to the presence of
not only identical amino acids but also the presence of con-
servative substitutions along the entire length of the longer
polypeptide. A conservative substitution for an amino acid
may be selected from other members of'the class to which the
amino acid belongs. For example, it is well-known in the art
of protein biochemistry that an amino acid belonging to a
grouping of amino acids having a particular size or charac-
teristic (such as charge, hydrophobicity and hydrophilicity)
can be substituted for another amino acid without altering the
activity of a protein, particularly in regions of the protein that
are not directly associated with biological activity. For
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example, nonpolar (hydrophobic) amino acids include ala-
nine, leucine, isoleucine, valine, proline, phenylalanine, tryp-
tophan, and tyrosine. Polar neutral amino acids include gly-
cine, serine, threonine, cysteine, tyrosine, asparagine and
glutamine. The positively charged (basic) amino acids
include arginine, lysine and histidine. The negatively charged
(acidic) amino acids include aspartic acid and glutamic acid.
Conservative substitutions include, for example, Lys for Arg
and vice versa to maintain a positive charge; Glu for Asp and
vice versa to maintain a negative charge; Ser for Thr so that a
free —OH is maintained; and Gln for Asn to maintain a free
—NH2. Likewise, biologically active analogs of a polypep-
tide containing deletions or additions of one or more contigu-
ous or noncontiguous amino acids that do not eliminate a
functional activity of the polypeptide are also contemplated.

A polypeptide of the present invention can include a
polypeptide with at least 50%, at least 55%, at least 60%, at
least 65%, at least 70%, at least 75%, at least 80%, at least
81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least
99% sequence similarity to the reference amino acid
sequence.

A polypeptide of the present invention can include a
polypeptide with at least 50%, at least 55%, at least 60%, at
least 65%, at least 70%, at least 75%, at least 80%, at least
81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least
99% sequence identity to the reference amino acid sequence.

Whether assessing amino acid similarity or amino acid
identity, a reference amino acid sequence can be any on of
SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ 1D
NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53,
SEQ ID NO:54, SEQ ID NO:55, or SEQ ID NO:58. Thus, in
some embodiments, the reference amino acid sequence
includes the amino acid sequence of SEQ ID NO:47. In other
embodiments, the reference amino acid sequence includes
the amino acid sequence of SEQ ID NO:48. In other embodi-
ments, the reference amino acid sequence includes the amino
acid sequence of SEQ ID NO:49. In other embodiments, the
reference amino acid sequence includes the amino acid
sequence of SEQ ID NO:50. In other embodiments, the ref-
erence amino acid sequence includes the amino acid
sequence of SEQ ID NO:51. In other embodiments, the ref-
erence amino acid sequence includes the amino acid
sequence of SEQ ID NO:52. In other embodiments, the ref-
erence amino acid sequence includes the amino acid
sequence of SEQ ID NO:53. In other embodiments, the ref-
erence amino acid sequence includes the amino acid
sequence of SEQ ID NO:54. In other embodiments, the ref-
erence amino acid sequence includes the amino acid
sequence of SEQ ID NO:55. In other embodiments, the ref-
erence amino acid sequence includes the amino acid
sequence of SEQ ID NO:58.

In one particular embodiment, the reference amino acid
sequence includes SEQ ID NO:53. In another particular
embodiment, the reference amino acid sequence includes the
amino acid sequence of SEQ ID NO:58.

For example, as described above, SEQ ID NO:58 is a scFv
polypeptide that represents a somewhat truncated version of
SEQ ID NO:53. SEQ ID NO:58 possesses 243 amino acids,
242 of which are identical to corresponding amino acids in
SEQ ID NO:53, which possesses 263 amino acids. Accord-
ingly, SEQ ID NO:58 possess 92% sequence identity com-
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pared to SEQ ID NO:53. Similar truncations of the amino
acids sequences of SEQ ID NO:47, SEQ ID NO:48, SEQ ID
NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52,
SEQ ID NO:54, or SEQ ID NO:55 may similarly provide
suitably functional polypeptides.

A polypeptide ofthe present invention can also be designed
to provide additional sequences, such as, for example, the
addition of coding sequences for added C-terminal or N-ter-
minal amino acids that would facilitate purification by trap-
ping on columns or use of antibodies. Such tags include, for
example, histidine-rich tags that allow purification of
polypeptides on nickel columns. Such gene modification
techniques and suitable additional sequences are well known
in the molecular biology arts.

In another aspect, the invention provides an isolated poly-
nucleotide molecule that encodes a scFv of a monoclonal
antibody produced by Hybridoma Clone 7, as described
herein. Exemplary isolated polynucleotides include an iso-
lated polynucleotide that encodes the amino acid sequence of
any one of SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49,
SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ 1D
NO:53, SEQ ID NO:54, SEQ ID NO:55, or SEQ ID NO:58,
or a polypeptide structurally similar to a reference polypep-
tide that includes any one of SEQ ID NO:47, SEQ ID NO:48,
SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ 1D
NO:52, SEQ ID NO:53, SEQ ID NO:54, SEQ ID NO:55, or
SEQ ID NO:58. Exemplary polynucleotides also include the
complements of such polynucleotide sequences. Also
included in the present invention are polynucleotides that
hybridize, under standard hybridization conditions, to a poly-
nucleotide that encodes the amino acid sequence of any one of
SEQ ID NO:47, SEQ 1D NO:48, SEQ ID NO:49, SEQ 1D
NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53,
SEQ ID NO:54, SEQ ID NO:55, SEQ ID NO:58, or a
polypeptide structurally similar to a reference polypeptide
that includes any one of SEQ ID NO:47, SEQ ID NO:48, SEQ
ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52,
SEQ ID NO:53, SEQ ID NO:54, SEQ ID NO:55, or SEQ ID
NO:58, and the complements of such polynucleotide
sequences.

Also included in the present invention are polynucleotides
having a sequence identity of at least 50%, at least 55%, at
least 60%, at least 65%, at least 70%, at least 75%, at least
80%, at least 81%, at least 82%, at least 83%, at least 84%, at
least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% sequence identity to a reference nucle-
otide sequence that encodes the amino acid sequence of any
one of SEQ ID NO:47, SEQID NO:48, SEQ ID N0:49, SEQ
ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53,
SEQ ID NO:54, SEQ ID NO:55, or SEQ ID NO:58.

In some embodiments, the reference nucleotide sequence
can encode the amino acid sequence of SEQ ID NO:53. Inone
embodiment, the reference nucleotide sequence can include
the nucleotide sequence of SEQ ID NO:56.

In other embodiments, the reference nucleotide sequence
can encode the amino acid sequence of SEQ ID NO:58. Inone
embodiment, the reference nucleotide sequence can include
the nucleotide sequence of SEQ ID NO:57.

As used herein, “sequence identity” refers to the identity
between two polynucleotide sequences. Sequence identity is
generally determined by aligning the residues of the two
polynucleotides to optimize the number of identical nucle-
otides along the lengths of their sequences; gaps in either or
both sequences are permitted in making the alignment in
order to optimize the number of shared nucleotides, although
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the nucleotides in each sequence must nonetheless remain in
their proper order. A candidate sequence is the sequence
being compared to a known sequence. For example, two
polynucleotide sequences can be compared using the Blastn
program of the BLAST 2 search algorithm, as described by
Tatianaet al., FEMS Microbiol Lett., 1999, 174: 247-250, and
available on the world wide web at ncbi.nlm.nih.gov/
BLAST/. The default values for all BLAST 2 search param-
eters may be used, including reward for match=1, penalty for
mismatch=-2, open gap penalty=5, extension gap penalty=2,
gap x_dropoff=50, expect=10, wordsize=11, and filter on.

Also included in the present invention are polynucleotide
fragments. A polynucleotide fragment is a portion of an iso-
lated polynucleotide as described herein. Such a portion may
be several hundred nucleotides in length, for example about
100, about 200, about 300, about 400, about 500, about 600,
about 700, or about 800 nucleotides in length. Alternatively,
such a portion may be about 10 nucleotides to about 100
nucleotides in length.

A monoclonal antibody, scFv, or polynucleotide of the
invention can be used to identify whether a sample from a
subject possesses cells that express CD133. Human CD133 is
a cell surface glycoprotein that has been used as a marker of
hematopoietic stem cells, neural stem cells, and for enrich-
ment of a tumor initiating cell population in many cancers
including colon carcinoma and glioblastoma. Thus, identifi-
cation, localization, and/or quantitation of CD133-express-
ing cells may provide medical practitioners with information
regarding whether the subject from which a sample is
obtained has, or is at risk of developing, a condition charac-
terized at least in part by cells that express CD133. In some
embodiments, identifying cells that express CD133 in a bio-
logical sample obtained from a subject may indicate that the
subject has, or is at risk for developing, colon cancer and/or
glioblastoma.

Generally, a monoclonal antibody, scFv, or polynucleotide
of the invention can be contacted with at least a portion of a
biological sample obtained from a subject. In the case of
monoclonal antibody or scFv, the biological sample can
include cells that express CD133, fragments of cells that
express CD133, and/or CD133 that is at least partially iso-
lated from cells in the biological sample. In the case of poly-
nucleotide, the biological sample can include, for example,
lysed cells, genomic DNA, mRNA, and/or cDNA (or other
products of mRNA amplification by, for example, PCR).

One can detect whether the monoclonal antibody, scFv, or
polynucleotide specifically binds to a component of the bio-
logical sample in a manner that is indicative of CD133 expres-
sion by cells in the sample. For example, the specific binding
of the monoclonal antibody or scFv to at least a portion of
CD133 may be detected. Similarly, specific binding (e.g.,
hybridization) of a polynucleotide of the invention—dena-
tured, if necessary—to at least a portion of a polynucleotide
from the sample—again, denatured, if necessary—that is
indicative of CD133 expression.

The cancer stem cell compartment contains more than one
stem cell population and CD133KDEL is highly effective
against at least one of these populations expressing CD133.
We detected about 5% CD133 cells/95% CD133-cells in the
various carcinomas that we examined. For example, Table 1
shows several lines. The anti-CD133 scFV was labeled with
FITC and then standard flow cytometry was performed. The
levels of CD133 expression (4-7.1%) are in agreement with
values reported values. CaCo-2 colorectal carcinoma is a cell
line known to express high levels of CD133+ cells so we
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included it as a positive control. Anti-CD45-FITC and anti-
CD19 FITC are negative controls that preferentially recog-
nize hematopoietic cells.

TABLE 1

CD133+ Expression on Various Carcinoma Lines.

% Positive Cells

Cell Line Cancer Origin CD133+ EGFR+ CD45+ CDI19+
MDA-MB231  breast 4.0 82.5 — 0.4
MDA-MD468  breast 5.2 96.1 0.9 —
SKBR3 breast 4.2 99.8 0.7 —
BT474 breast 4.0 99.9 0.6 —
NA head & neck 5.9 — — 1.1
UMSCC-11B  head & neck 6.0 98.0 0.5 0.3
MiaPaCa-2 pancreas 7.1 97.3 0.8 —
Caco-2 colon 62.8 82.7 — 0.3

Thus, the monoclonal antibody and/or the scFv may be
used in diagnostic methods designed to detect the presence of
cancer stem cells in a subject that may indicate that the subject
has or is at risk of having a neoplastic condition such as, for
example, a carcinoma. Such diagnostic methods can include
obtaining an appropriate biological sample from a subject,
contacting the monoclonal antibody and/or scFv with a por-
tion of the biological sample in vitro, and detecting specific
binding of the monoclonal antibody and/or scFv to cells in the
biological sample. In other cases, a diagnostic method can
include administering a composition that includes the mono-
clonal antibody and/or scFv, coupled to an appropriate detect-
able marker, to a subject and then detecting specific binding
of the at least a portion of the composition to cells of the
subject in vivo.

Therapeutic Uses

Although the anti-CD133 antibody was originally devel-
oped as a diagnostic tool, studies indicate that CD133 is
rapidly internalized upon binding by a ligand such as, for
example, the anti-CD133 antibody described herein. Because
cells that have markers that are rapidly internalized are very
good targets for targeted toxins, we synthesized CD133 tar-
geted toxin by assembling a scFv fusion molecule that
includes the toxin cloned onto the same molecule with our
anti-CD133 scFv: the targeted toxin dCD133KDEL.

One source of cancer reoccurrence in chemotherapy-
treated carcinoma patients is cancer stem cells. It is now
recognized that cancer stem cells differentiate, as do normal
cells. Thus, there is a small cohort of less differentiated,
self-renewing, tumor initiating stem cells. There is also a
larger cohort of more differentiated cancer stem cells. Unfor-
tunately, it is the more differentiated cells that are more sus-
ceptible to chemotherapy and the minor fraction of less dif-
ferentiated cancer stem cells that are more drug resistant.
Furthermore, these less differentiated cancer stem cells have
the capacity to self-renew their numbers and initiate tumors,
thus contributing to metastatic disease. This now is estab-
lished in a variety of carcinomas in which cancer stem cells
are sorted using established stem cell markers such as CD133
or CD44. The sorted cells are xenografted into mice and the
rate at which the tumors initiate and self renew is markedly
enhanced in tumor initiation assays. Because stem cells can
be more resistant to chemotherapy than tumor cells that are
not stem cells, a drug that can selectively destroy these cancer
stem cells would be extremely valuable for the prevention of
relapse and metastasis. Targeted toxins are powerful catalytic
inhibitors of protein synthesis and numerous reports show
that they kill drug-resistant cells by an entirely different
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mechanism than conventional chemotherapeutic drugs. Thus,
we used genetic engineering to design a TT that would elimi-
nate cancer stem cells.

CD133 is a stem cell marker for various cancers. Expres-
sion of CD133 in cancer-initiating cells is well documented
for brain, prostate, and colon cancers and more recently in
breast cancer. CD133, also known as prominin-1, is a cell-
surface glycoprotein with five transmembrane domains and
two large glycosylated extracellular loops that localize to
membrane protrusions. The function of CD133 in cancer
stem cells has not been established, but one alternatively-
spliced form binds cholesterol and thus may be involved in
Hedgehog signaling, which is required for primitive cell dif-
ferentiation and epithelial-mesenchymal interactions.

Some studies regarding CD133 have been criticized
because the available commercial anti-CD133 monoclonal
antibodies recognize glycosylated CD133 and thus are not
desirable because they do not detect cells expressing post-
translationally modified CD133 epitopes and are not accurate
for determining total CD133 expression. As a solution, the
monoclonal antibody identified herein as produced by Hybri-
doma Clone 7 and the scFv therefrom and described herein
were developed.

Targeted toxins (TT), on a molecule/cell basis, are potent
killers of cancer target cells. They are enzymatic inhibitors of
protein synthesis. Since they are enzymes catalyzing the
ADP-ribosylation of Elongation Factor-2, they travel through
the cytosol completing one chemical reaction and then ini-
tiate the next. Chemotherapeutic agents do not share this
mechanism and on a single molecule basis are less efficient.
Importantly, patient tumors often become refractory to che-
motherapy, and in many instances, administration of chemo-
therapy is not an option because it has become too toxic,
particularly to the hematopoietic system. Because catalytic
toxins have a different anti-cancer mechanism, targeted tox-
ins represent a compelling alternative to conventional thera-
pies, especially since they synergize with chemotherapy, even
in pancreatic cancer. There are many published reports
regarding synergy of targeted toxin and chemotherapeutic
agents. Therefore we assembled an anti-CD133 targeted
toxin consisting of the anti-CD133 scFV and a downstream
pseudomonas exotoxin. The endoplasmic reticulum retention
sequence KDEL was added to the c-terminus because it
known to promote the entry of toxin into the cytosolic com-
partment and enhance killing. We called the molecule
dCD133KDEL.

Thus, we have produced a first of its kind anti-stem cell
biological dCD133KDEL capable ofkilling tumor stem cells.
Although CD133+ stem cells represent only a minority
(4-7%) of the tumor cell population, we are surprised by the
fact that in culture nearly all of the cells were killed over time
with treatment with dCD133KDEL. We have produced a
novel anti-CD133 monoclonal that recognizes the non-gly-
cosylated backbone of the CD133 extracellular domain. The
scFv-TT fusion has surprisingly high anti-carcinoma activity
in vitro and high anti-tumor efficacy when injected systemi-
cally in vivo. This is the first drug of its type recognizing an
established stem cell marker, CD133.

Still, combining dCD133KDEL with EGF4KDEL mark-
edly enhanced systemic carcinoma killing in vivo compared
to individual administration of either CDI33KDEL or
EGF4KDEL alone. (EGF4KDEL is a bispecific TT targeting
EGFR.) An interpretation of our combined in vitro and in vivo
findings is that there is more than one stem cell fraction.

One candidate is a population of CD44+ cancer stem cells,
which is believed to be independent of CD133+ stem cells in
colon cancer. CD44, however, is a receptor for hyaluronic
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acid and is ubiquitously expressed in normal cells. Thus, a
CD44-based therapeutic would, in contrast to the CD133-
based therapeutics described herein, be likely exhibit sub-
stantial cross-reactivity with non-target organs. Another can-
didate is epidermal growth factor (EGF). Still another is
epithelial cell adhesion molecule (EpCAM), which is also
widely expressed on carcinomas and is expressed on cancer
stem cells. Antibody microarray analysis may ultimately
identify additional targets.

Thus, in another aspect, the invention includes therapeutic
uses of the monoclonal antibody, scFv, or polynucleotide of
the invention. In one embodiment, the scFv was used to clone
atargeted toxin (TT) that includes the scFv fused to truncated
pseudomonas exotoxin that was effectively deimmunized so
that repeated treatments could be given with a reduced con-
sequence of the generation of anti-toxin antibodies. Despite
the presence of only a small fraction of CD133+ cancer stem
cells measured by flow cytometry, the scFv-TT fusion
(dCD133KDEL) was highly effective in reducing the expan-
sion of cultured carcinoma cells in vitro using breast cancer
and head and neck cancer cell lines. When tested in vivo, the
drug was effective inducing complete remissions in a high
percentage of animals. CD133, alone, had impressive effects,
but the scFv-TT fusion had even better effects.

The scFv-TT fusion represents a new tool for recognizing
and eliminating CD133+ cancer stem cells. As used herein,
“eliminate” and variations thereof refer to reducing the pro-
liferation of living cells in the population being “eliminated”
to any degree with respect to an appropriate control popula-
tion of cells. Thus, in some circumstances, “eliminating”
certain cells can include an increase in the actual population
of “eliminated” cells, but the increase is less than the corre-
sponding population increase observed in an appropriate con-
trol population. Thus, in some embodiments, “eliminating”
cells can include reducing the population of eliminated cells
by at least 50%, at least 55%, at least 60%, at least 65%, at
least 70%, at least 75%, at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95, at
least 96%, at least 97%, at least 98%, at least 99%, or 100%
compared to an appropriate control population. In other
embodiments, “eliminating” cells may refer to an actual
decrease in the number of cells in the population. In these
embodiments, “eliminating” cells can include reducing the
actual number of eliminated cells by at least 50%, at least
55%, at least 60%, at least 65%, at least 70%, at least 75%, at
least 80%, at least 81%, at least 82%, at least 83%, at least
84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95, at least 96%, at least 97%, at
least 98%, at least 99%, or 100%.

For example, one can eliminate CD133+ stem cells from
cell cultures using the scFv-TT fusion and then study what
stem cell populations remain. The remaining cell populations
may be detected using, for example, 2-color and 3-color
fluorescence. Such a strategy can allow one to identify a
second cancer stem cells population that expresses prominent
carcinoma markers. For example, we have evidence that
EGFR/EpCAM expressing cells remain after eliminating
CD133+ cells using dCD133KDEL.

As another example, one can eliminate CD133+ stem cells
in vivo to provide anti-cancer therapy to a subject in need of
such treatment. A scFv-TT fusion that includes an anti-
CD133 scFv can provide targeted delivery of the targeted
toxinto CD133+ cancer stem cells. CD133+ cancer stem cells
have been identified in a number of different carcinomas,
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glioblastomas, astrocytomas, and sarcomas. Consequently, a
scFv-TT fusion containing an anti-CD133+ scFv may pro-
vide a single therapeutic option capable of treating one or
multiple tumors of various origins. Exemplary tumors
include brain tumors (e.g., glioblastomas, astrocytomas,
etc.), muscle tumors (e.g., sarcomas), and/or various carci-
noma such as, for example, breast cancer, pancreatic cancer,
head and neck cancer, prostate cancer, colon cancer, any of
the carcinomas listed in Table 2, or any combination of car-
cinomas.

TABLE 2

Exemplary carcinomas

Classification Name (NOS = not otherwise specified)

(8010-8040)
(8050-8080)

Epithelial neoplasms, NOS
Squamous cell neoplasms

(M8070/3) Squamous cell carcinoma, NOS
(8090-8110) Basal cell neoplasms
(M8090/3) Basal cell carcinoma, NOS

(8120-8130)
(8140-8380)

Transitional cell papillomas and carcinomas
Adenomas and Adenocarcinomas (glands)

(M8140/0) Adenoma, NOS

(M8140/3) Adenocarcinoma, NOS
(M8142/3) Linitis plastica

(M8151/0) Insulinoma, NOS

(M8152/0) Glucagonoma, NOS

(M8153/1) Gastrinoma, NOS

(M8155/3) Vipoma

(M8160/3) Cholangiocarcinoma
(M8170/3) Hepatocellular carcinoma, NOS
(M8200/3) Adenoid cystic carcinoma
(M8240/1) Carcinoid tumor, NOS, of appendix
(M8271/0) Prolactinoma

(M8290/0) Oncocytoma

(M8290/0) Hurthle cell adenoma
(M8312/3) Renal cell carcinoma
(M8312/3) Grawitz tumor

(M8360/1) Multiple endocrine adenomas
(M8380/0) Endometrioid adenoma, NOS

(8390-8420)
(8430-8439)
(8440-8490)
(M8440/0)

(M8480/6)

(8500-8540)
(8550-8559)
(8560-8580)

Adnexal and Skin appendage Neoplasms
Mucoepidermoid Neoplasms

Cystic, Mucinous and Serous Neoplasms
Cystadenoma, NOS

Pseudomyxoma peritonei

Ductal, Lobular and Medullary Neoplasms
Acinar cell neoplasms

Complex epithelial neoplasms

(M8561/0) Warthin’s tumor

(M8580/0) Thymoma, NOS

(8590-8670) Specialized gonadal neoplasms
(M8590/1) Sex cord-stromal tumor

(M8600/0) Thecoma, NOS

(M8620/1) Granulosa cell tumor, NOS
(M8630/1) Arrhenoblastoma, NOS

(M8631/0) Sertoli-Leydig cell tumor
(8680-8710) Paragangliomas and Glomus tumors
(M8680/1) Paraganglioma, NOS

Carcinoma cell lines from relevant carcinomas include, for
example, MDA-MB-231/luc and MDA-MB-468/luc (breast
cancer), MiaPaCa-2/luc and SW1990/luc (pancreatic can-
cer), PC-3/luc (prostate cancer), UMSCC-11B/luc and
NA/luc (head and neck cancer) and HT-29/luc (colon cancer).
Stem cells represent 4-11% of'the total cell populations in the
various carcinomas.

Once a stem cell population is identified through sorting
and tumor initiation assays, one can determine whether other
targeted toxins among highly selective ligand-directed toxins
are useful in killing these cancer stem cells. For example, one
can combine CD133KDEL with targeted toxins recognizing
other cancer stem cells in nude mouse models. In principle,
we already have shown this approach has value since
dCD133KDEL recognizing the CD133+ cancer stem cells
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combined with EGF4KDEL had superior anti-carcinoma
effects in vivo. Also, since cancer stem cells are often more
drug resistant to chemotherapeutic agents than more differ-
entiated cancer cells, one can test combination therapies that
involve administering a scFv-TT fusion in combination with
one or more chemotherapeutic agents against various cancer
stem cells.

As a follow-up to the identification of secondary cancer
stem cell populations, one can use the general scFv-TT model
established with the construction of the dCD133KDEL to
produce targeted toxins directed against other cancer stem
cell populations. For example, in vivo data suggests that a
combined therapy using dCD133KDEL, described above,
and a corresponding scFv-TT fusion that targets EGFR
(dEGF4KDEL), expressed by a cohort of cancer stem cells
remaining after CD133+ cancer stem cells are eliminated,
exhibits superior anti-carcinoma effects than dCD133KDEL
alone.

Thus, a scFv-TT fusion can include any suitable targeting
scFv that specifically binds to a marker expressed by a target
cell population. Suitable markers for a stem cell population
include, for example, CD133, CD44, EpCAM (epithelial cell
adhesion molecule). EGFR (epidermal growth factor recep-
tor, e.g., a HER1, a HER2, a HER3, or a HER4), uPAR
(urokinase receptor), PSCA (prostate stem cell antigen),
mesothelin, and MUCI1 (mucin 1).

Also, the targeted toxin (TT) portion of the fusion can
include any suitable therapeutic moiety. Suitable therapeutic
moieties can include compounds that exert direct or indirect
cytotoxic activity such as, for example, a small molecule, a
radiological agent, and/or a toxic polypeptide. A toxic
polypeptide can include, for example, a Diphtheria toxin, a
Pseudomonas exotoxin A, a Pseudomonas exotoxin (PE),
bryodin, gelonin, a-sarcin, aspergillin, restrictocin, angioge-
nin, saporin, abrin, a prokaryotic ribonuclease, a eukaryotic
ribonuclease, ricin, pokeweed antiviral protein (PAP), a pro-
apoptotic polypeptide, a ribosomal inhibitory protein, or a
biologically active fragment of any of the foregoing. A pro-
apoptotic polypeptide can be, e.g., Bax, Fas, Bad, Bak, Bim,
Bik, Bok, Hrk, FasL, TRAIL, or TNF-c..

A suitable therapeutic moiety also can include, for
example, a biodegradable nanoparticle that contains one or
more therapeutic materials (e.g., cytotoxic compounds).
Example 21 demonstrates that a CD133 monoclonal antibody
can be coupled to a nanoparticle carrying a functional mol-
ecule (6-coumarin) and that the functional can retain its func-
tion after the nanoparticle is conjugated to the monoclonal
antibody. Moreover, FIG. 21 demonstrates that the targeting
moiety, in this case CD133, can cause target-directed cellular
uptake of the antibody-nanoparticle, demonstrating the utility
of the antibody-nanoparticle for targeted diagnostic and/or
targeted therapeutic applications. For example, a nanopar-
ticle designed to be biodegradable, coupled to an antibody,
and designed to contain a therapeutic compound. The anti-
body-nanoparticle composition may be administered to a
subject systemically yet provide target-specific delivery to
cells expressing a ligand of the antibody. Once taken up by a
target cell, the nanoparticle can degrade, releasing the thera-
peutic compound inside the target cell. This can minimize
systemic exposure of the therapeutic compound and, there-
fore, limit contact between the therapeutic compound and
non-target cells. Of course, a nanoparticle may, like any other
therapeutic moiety, be coupled to either a monoclonal anti-
body or an scFv thereof that is appropriate for an intended
target cell population.
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Deimmunized Toxin

Although their enzymatic nature renders targeted toxins
among the most-effective single cell killers, they are immu-
nogenic so that administering targeted toxins to a patient can
result in anti-toxin antibodies that limit the targeted toxin’s
effectiveness. This has been a particular problem in the case
of solid tumor studies where the patient immune system is
intact. In one carcinoma study, anti-toxin responses occurred
in all treated patients. To address this issue, we synthesized
our anti-tumor stem cell drug using a toxin in which immu-
nogenic amino acids were mutated using site-specific
mutagenesis.

We deimmunized the toxin on EGF4KDEL, a bispecific
ligand-directed toxin (BLT) consisting of human cytokines
EGF and IL-4 spliced to truncated pseudomonas exotoxin,
using the epitope mapping strategy of Onda et al., “An Immu-
notoxin with Greatly Reduced Immunogenicity by Identifi-
cationand Removal of B Cell Epitopes,” PNAS 2008 Aug. 12;
105(32):11311-11316. Epub 2008 Aug. 4. The terminal endo-
plasmic retention sequence KDEL was placed on the c-ter-
minus to enhance drug potency. Our dEGF4KDEL is a pow-
erful drug against breast, lung, prostate, pancreatic, and
colorectal cancer. Thus, we have a drug that can be given
repeatedly without generating an anti-toxin immune response
that negates the efficacy of the drug. This same toxin cassette
was used to synthesize dCD133KDEL (FIG. 5).

We continuously cultured carcinoma cells in the presence
of dCD133KDEL. Originally, we used radiolabeled thymi-
dine uptake assays or leucine incorporation protein synthesis
assays to measure activity, but this only measured activity on
a single day. Thus, we devised an assay that would permit the
continuous culture of the cancer cells in the presence of drug.
We cultured dCD133KDEL in the presence of drug for sev-
eral days and each day we changed media and counted viable
cells by trypan blue dye exclusion. Surprisingly, FIG. 6 shows
that dCD133KDEL was highly effective in inhibiting
UMSCC-11B head and neck cancer cell growth measured by
vital dye exclusion. The dCD133KDEL killed the cells at, a
concentration of 0.3 nM.

FIG. 7 shows a tumor initiation assay in which CD133+
head and neck cancer cells UMSCC-11B cells were sorted
using our CD133 scFv affixed to magnetic beads and then
purified using a MAGS magnetic bead kit (STEMCELL
Technologies, Inc., Vancouver, British Columbia, Canada).

Putative stem cells are injected into the flank of nude mice.
If they are enriched stem cells, then they will grow at an
accelerated rate with a higher level of tumor takes than non-
stem cells. FIG. 7 shows that the sorted cells had the highest
incidence of tumor initiation (75%), and these tumors had an
average tumor growth significantly higher than that obtained
with unsorted tumor cells (p<0.04). This provides evidence
that CD133scFv does indeed recognize tumor stem cells.
Interestingly, when a sample of cells was treated with
dCD133KDEL prior to injection, these cells had the slowest
growth rate and only 1 of 4 tumors grew. This verifies that our
CD133scFv is indeed enriching cancer stem cells.

Other carcinomas are affected by dCD133KDEL treat-
ment. CD133+ cancer stem cells have been identified in
breast cancer and our flow cytometry studies indicate the
presence of cancer stem cells in the breast cancer cell line
MDA-MB-231. Therefore, just as in FIG. 6, we cultured
MDA-MB-231 cells in the presence of dCD133KDEL and
viability measured daily with trypan blue. FIG. 8 shows that
dCD133KDEL markedly inhibited breast cancer cells, but
control CD3CD3 KDEL did not. CD3CD3 KDEL recognizes
CD3 epsilon T cell receptor. Thus, killing was specific.
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Additional cancer stem cells markers may be identified so
that the same strategy just described in connection with
CD133 may be used to generate targeted toxin drugs that are
specific to other cohorts of cancer stem cells. We have already
identified EGFR and EpCAM as additional relevant cancer
stem cells markers. Additional cancer stem cell markers may
be identified using standard, routine techniques. Suitable
techniques include, for example, analysis using the Antibody
Array 500 (Clontech Laboratories, Inc., Mountain View,
Calif.). Such antibody arrays provide a measure of relative
protein abundance between samples.

Thus, in certain embodiments, the scFv-TT fusion can
include a deimmunized targeted toxin portion. As used
herein, “deimmunized” and variants thereof refer to amino
acid sequences carrying one or more amino acid substitutions
that (a) reduce the anti-toxin immune response by one to
whom the toxin is administered, and (b) retains a therapeuti-
cally and/or prophylactically effective amount of toxin activ-
ity.

Using the deimmunizing strategy described above, we
have observed significant anti-toxin antibody reductions and
significant in vivo anti-cancer responses for three different
scFv-TT fusions, also known as bispecific ligand directed
toxins: deimmunized 2219KDEL7mut for leukemia therapy,
deimmunized EGF4KDEL7mut for carcinoma therapy, and
deimmunized EGFATFKDEL for glioma therapy. For
example, to determine the extent to which the anti-toxin
immune response is decreased using deimmunized
2219KDEL (referred to herein as 2219KDEL 7mut,
d2219KDEL, or 2219ARLKDEL 7mut (e.g., in FIG. 11)),
immunocompetent mice were used as a model of human
immunogenicity because sera from human patients receiving
pseudomonas exotoxin (PE)-based drugs recognize the same
prominent immunogenic regions of PE as mice.

The deimmunized 2219KDEL7mut fusion polypeptide
was expressed from a fusion gene synthesized using assembly
PCR. In its final configuration, the 2219ARLKDEL fusion
gene (from 5' end to 3' end) consisted of an EcoRI restriction
site, then the anti-CD22 scFv gene. This anti-CD22 scFv gene
was oriented with the V, domain preceding the V, domain
and was conjoined by a fragment encoding the ARL linker
(GSTSGSGKPGSGEGSTKG, SEQ IDNO:69). Next, a G,S
linker (GGGGS) followed by anti-CD19 scFv (in the same
V,/V orientation and same ARL linker) was cloned and then
a downstream seven amino acid EASGGPE linker. The linker
was followed by PE38 (360 aa) with its C-terminal REDLK
replaced with the ER retention sequence KDEL, and finally, a
Notl restriction site at the 3' end. The resultant 2650 bp
EcoRI/Notl fragment gene was spliced into the pET21d bac-
teria expression vector under control of an isopropyl-b-D-
thiogalactopyranoside (IPTG) inducible T7 promoter. DNA
sequencing analysis (Biomedical Genomics Center, Univer-
sity of Minnesota) was used to verify that the gene was correct
in sequence and cloned in frame. To create a mutated
2219ARLKDEL molecule (2219ARLKDEL7mut) with
decreased immunogenicity, eight amino acids distributed
among the seven major epitopes on PE;; KDEL were mutated
using the QuickChange Multi Site-Directed Mutagenesis Kit
(Stratagene. La Jolla Calif.,, USA) and were confirmed by
DNA sequencing. The following immunogenic, hydrophilic
amino acids were altered: R490A, R513A, R467A, E5488S,
K590S, R432G, Q332S, R313A and confirmed by DNA
sequencing.

The deimmunized EGFATFKDEL fusion polypeptide was
expressed from a fusion gene synthesized using DNA-shuf-
fling and DNA cloning techniques. In its final configuration,
the EGFATFKDEL fusion gene (from 5' end to 3' end) con-
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sisted of an Ncol restriction site, an ATG initiation codon, the
genes for human EGF, the downstream 135-amino terminal
fragment (ATF) from uPA linked by a 20 amino-acid segment
of human muscle aldolase (HMA), the 7 amino-acid EASG-
GPE linker, the first 362 amino acids of the pseudomonas
exotoxin (PE) molecule with KDEL replacing the REDLK at
the C terminus, and a Notl] restriction site at the 3' end of the
construct. The HMA segment was incorporated into the mol-
ecule as a flexible, non-immunogenic linker. The use of the
ATF gene fragment was previously described by our labora-
tory. The resultant 1748 bp Ncol/Notll fragment gene was
spliced into the pET28c bacteria expression vector under
control of an isopropyl-b-D-thiogalactopyranoside inducible
T7 promoter. DNA sequencing analysis (Biomedical Genom-
ics Center, University of Minnesota) was used to verify that
the gene was correct in sequence and had been cloned in
frame. To create an EGFATFKDEL molecule with decreased
immunogenicity, eight amino acids representing the seven
major epitopes on PE38 were mutated using the Quick-
Change Site-Directed Mutagenesis Kit (Stratagene. La Jolla
Calif.). The following amino acids were altered: R490A,
RS513A,R467A, ES48S,K590S, R432G, Q332S,R313A and
confirmed by DNA sequencing.

FIG. 11 shows that mutation did not affect drug activity
compared to non-mutated parental drug. In FIG. 12, immu-
nization studies with immunocompetent BALB/c mice were
conducted to compare the immunogenicity of
2219ARLKDEL7mut  compared to the  parental
2219ARLKDEL molecule. Mice (n=6/group) were immu-
nized and bled weekly for a total of nine weeks (10 injec-
tions). Serum samples from each animal were analyzed using
ELISA to detect anti-PE38(KDEL) IgG. FIG. 12 shows that
after nine (day 69) or 10 injections (day 76) with a clinical
amount (10 pg/kg of drug), the level of anti-toxin IgG gener-
ated against deimmunized mutant (2219ARLKDEL8mut)
was 20%-25% of the anti-toxin IgG generated against the
non-mutated parent (2219ARLKDEL). Thus, mice given
multiple injections of the deimmunized drug generated sig-
nificantly lower anti-toxin levels than those injected with
equal amount of parental form of the drug (p<0.05). Thus, one
can give multiple injections of the deimmunized form of the
drug and generate a limited anti-toxin immune response in a
murine model that has been verified as a model of human
immunogenicity. FIG. 13 shows that serum from mice immu-
nized with non-deimmunized drug mice neutralized
2219KDEL killing in vitro. Serum from mice immunized
with deimmunized drug did not neutralize 2219KDEL killing
in vitro. Thus, multiple dosing with 2219KDEL7mut pro-
duces less neutralizing anti-toxin antibodies than multiple
dosing with the non-deimmunized parental form. Finally,
FIG. 14 shows that mutated drug elicited a powerful anti-
cancer effect against systemic B cell malignancy using a
system Raji-luc/scid mouse model in which tumor is injected
intravenously. Survivors were verified as disease free as
described in Vallera et al., “Bioengineering a unique deim-
munized bispecific targeted toxin that simultaneously recog-
nizes human CD22 and CD19 receptors in a mouse model of
B-cell metastases,” Mol Cancer Ther. 2010 Jun.; 9(6):1872-
83. Epub 2010 Jun. 8.

The data discussed immediately above was generated
using deimmunized PE toxin by carrying eight amino acid
substitutions located among the seven major subgroups asso-
ciated with toxin immunogenicity by epitope mapping. The
mutations were Q332S in epitope 1, R467A in epitope 2a,
R313A in epitope 3, R432G in epitope 4a, R490A in epitope
5, R513 A and E548S in epitope 6a, and K590S in epitope 7.
A topographical epitope map of PE38 was generated using a
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mutual competition assay employing a panel of 60 mono-
clonal antibodies to various determinants of the toxin. With
our most recent drugs, there was an 80% reduction in immune
response after 12 or 14 weekly immunizations (FIG. 15).

The same approach may be taken to generate a deimmu-
nized form of CDI133KDEL (dCD133KDEL), which has
demonstrated efficacy in vivo.

The activity of deimmunized variants may be screened
using the trypan blue viability assay described herein. The
cytolytic activity of a deimmunized scFv-TT construct can be
compared to the non-deimmunized parental form. The
cytolytic curves generated from these assays are highly repro-
ducible. No statistically significant loss of activity has been
observed with deimmunized versions of d2219KDEL,
dEGF4KDEL, and dEGFATFKDEL. Thus, the deimmuniza-
tion approach described herein appears to be generally appli-
cable.

Deimmunization causes a drop in serum antibody levels in
two different mouse strains with two different MHC haplo-
types. This is relevant because different MHC molecules
differ in their presentation of peptide fragments in the MHC
groove and one haplotype might present different peptides
than another. Thus, a potential problem with mutating B cell
recognizing regions is that different MHC polymorphisms
may recognize antigen differently. Deimmunization results,
however, in significant anti-toxin reductions in both BALB/c
(H-2d) and C57BL/6 (H-2b) strains. Therefore, this indicates
that the strength of mutating all seven regions was enough to
overcome these possible MHC differences. Moreover, anti-
PE antibodies from BALB/c mice hyperimmunized with PE
reacted with similar epitopes in humans, suggesting that the
same B cell epitopes were recognized with distinct T cell
support.

Targeting Stem Cells with Targeted Toxins

One strategy for eliminating cancer stem cells involves
target-specific depletion. Our in vivo models allow one to
measure the effects of targeted toxin against systemic carci-
noma in vivo in real time by bioluminescent imaging. All of
the carcinomas chosen for our studies have been transfected
with the luciferase gene and grow exceptionally well in nude
mice. In FIG. 9, we used our established MBA-MB-231
breast cancer model of systemic tumor growth in nude mice.
Four million cells are surgically injected into the spleens of
nude mice on Day 0. Treatment with dCD133KDEL was
begun on Day 6. Weekly courses of MWF were given (20
ng/injection) for five weeks. The study shows that in vivo
injection of dCD133KDEL resulted in an anti-tumor effect in
60% of the mice over the course of 35 days. Control mice
given anti-T cells drug (CD3CD3 KDEL) showed no effect
(not shown). Together, these data provide evidence that
dCD133KDEL is recognizing and killing tumor stem cells.
Moreover, despite the fact that CD133+ cancer stem cells
make up a low percentage of the tumor cell population, the
general anti-tumor effects of dCD133KDEL are pronounced.

Thus, cancer stem cells are a particularly effective target
for scFv-TT therapy that is extendable to other subpopula-
tions of cancer stem cells using scFv directed to other markers
specific for those other subpopulations for delivery of tar-
geted toxins. FIG. 10 shows the results of treating carcinoma
using a combination of dCD133KDEL to destroy CD133+
cancer stem cells and then dEGF4KDEL to eliminate a sec-
ond stem cell population, cancer stem cells expressing EGFR.
As part of the experimental design, groups shown in FIG. 9
were treated with suboptimal dose of dCD133KDEL, a sub-
optimal dose of EGF4KDEL, or a combination of both sub-
optimal doses. When both agents were tested individually, the
imaging data below showed only slight effects. When both
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agents were combined in the exact same doses and schedules,
4 of 5 animals showed complete responses with long-term
disease free survivors indicating superior effects with com-
bined treatment supporting the existence of another stem cell
population besides CD133+ cancer stem cells.

A second strategy for eliminating cancer stem cells
involves treatment with a scFv-TT fusion combined with
established chemotherapeutic agents. Numerous studies
show that targeted toxins are far more effective when com-
bined with chemotherapy. Such combination therapies may
be performed using any suitable chemotherapeutic agent.
Suitable chemotherapeutic agents include, for example, alky-
lating agents such as, for example, cisplatin carboplatin,
oxaliplatin, mechlorethamine, cyclophosphamide, chloram-
bucil, or ifosfamide; anti-metabolites such as, for example,
azathioprine or mercaptopurine; plant alkaloids or terpenoids
such as, for example, vinca alkaloids (e.g., vincristine, vin-
blastine, vinorelbine, vindesine, etc.), podophyllotoxin (e.g.,
etoposide or teniposide), or taxanes (e.g., paclitaxel); topoi-
somerase inhibitors such as for example Type 1 topoi-
somerase inhibitors (e.g., irinotecan or topotecan) or Type 2
topoisomerase inhibitors (e.g., amsacrine, etoposide, etopo-
side phosphate, or teniposide); or antineoplastics such as, for
example, dactinomycin, doxorubicin, epirubicin, or bleomy-
cin.

Formulations

A monoclonal antibody, scFv, polynucleotide, mAb-fu-
sion, or scFv-fusion of the invention may be provided in a
composition that can further include a pharmaceutically
acceptable carrier. “Pharmaceutically acceptable” refers to a
diluent, carrier, excipient, salt, etc, that is compatible with the
other ingredients of the composition, and not deleterious to
the recipient thereof. Typically, the composition includes a
pharmaceutically acceptable carrier when the composition is
used as described herein. The compositions of the present
invention may be formulated in pharmaceutical preparations
in a variety of forms adapted to the chosen route of adminis-
tration, including routes suitable for stimulating an immune
response to an antigen. Thus, a composition of the present
invention can be administered via known routes including, for
example, oral; parenteral including intradermal, transcutane-
ous, subcutaneous, intramuscular; intravenous; intraperito-
neal, etc.; and topically, such as, intranasal, intrapulmonary,
intramammary, intravaginal, intrauterine, intradermal, trans-
cutaneous, and rectally, etc. It is foreseen that a composition
can be administered to a mucosal surface, such as by admin-
istration to the nasal or respiratory mucosa (e.g., viaa spray or
aerosol), in order to stimulate mucosal immunity, such as
production of secretory IgA antibodies, throughout the ani-
mal’s body.

Exemplary embodiments of the invention include:

1. The hybridoma identified herein as Hybridoma Clone 7.

2. A monoclonal antibody produced by Hybridoma Clone
7.

3. A single-chain variable-fragment (scFv) of a mono-
clonal antibody produced by Hybridoma Clone 7.

4. The scFv of embodiment 3 comprising the amino acid
sequence of SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49,
SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID
NO:53, SEQ ID NO:54, SEQ ID NO:55, or SEQ ID NO:58.

5. The scFv of embodiment 4 wherein the scFv comprises
the amino acid sequence of SEQ ID NO:58.

6. An isolated polynucleotide comprising a nucleotide
sequence that encodes the amino acid sequence of SEQ ID
NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50,
SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID
NO:54, SEQ ID NO:55, or SEQ ID NO:58.
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7. The isolated polynucleotide of embodiment 6 wherein
the isolated polynucleotide comprises a nucleotide sequence
that encodes the amino acid sequence of SEQ ID NO:58.

8. The isolated polynucleotide of embodiment 7 wherein
the isolated polynucleotide comprises the nucleic acid
sequence of SEQ ID NO:57.

9. A composition comprising the monoclonal antibody of
embodiment 1 or embodiment 2.

10. A composition comprising the scFv of any one of
embodiments 3-5.

11. A fusion polypeptide comprising:

a targeting moiety comprising:

the monoclonal antibody of embodiment 2; or

the scFv of any one of embodiments 3-5; and

a toxin moiety comprising a therapeutically active portion
of a cytolytic toxin.

12. The polypeptide of embodiment 11 wherein the toxin
moiety is deimmunized.

13. A composition comprising:

a first fusion polypeptide of embodiment 11; and

a second fusion polypeptide comprising:

a second fusion polypeptide of embodiment 11; or

a fusion polypeptide comprising a monoclonal antibody or

scFv thereof that specifically binds to a second marker
differentially expressed by cancer stem cells.

14. The composition of embodiment 13 wherein at least
one marker differentially expressed by cancer stem cells com-
prises CD133.

15. The composition of embodiment 13 or embodiment 14
wherein at least one marker differentially expressed by cancer
stem cells comprises EGFR.

16. A method comprising:

administering to a subject in need of such treatment a
therapeutically effective amount of:

the monoclonal antibody of embodiment 2;

the scFv of any one of embodiments 3-5;

the fusion polypeptide of embodiment 11 or embodiment
12; or

the composition of any one of embodiments 9, 10, or
13-15.

17. The composition of embodiment 9 further comprising
a nanoparticle coupled to the monoclonal antibody.

18. The composition of embodiment 10 further comprising
a nanoparticle coupled to the scFv.

19. A composition comprising a detectable marker coupled
to:

the monoclonal antibody of embodiment 2, or

the scFv of any one of embodiments 3-5.

20. A method comprising:

contacting the composition of embodiment 19 with at least
one cell that expresses CD133; and

detecting a complex comprising at least a portion of the
composition specifically bound to the at least one cell that
expresses CD133.

21. The method of embodiment 20 wherein the contacting
comprises administering the composition to a subject com-
prising cancer stem cells that express CD133.

22. The method of embodiment 20 wherein detecting a
complex comprising at least a portion of the composition
specifically bound to the at least one cell that expresses
CD133 indicates that the subject has or is at risk of having a
neoplastic condition.

For any method disclosed herein that includes discrete
steps, the steps may be conducted in any feasible order. And,
as appropriate, any combination of two or more steps may be
conducted simultaneously.
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The present invention is illustrated by the following
examples. It is to be understood that the particular examples,
materials, amounts, and procedures are to be interpreted
broadly in accordance with the scope and spirit of the inven-
tion as set forth herein.

EXAMPLES
Example 1
Cell Culture

Caco-2 cells were grown in Minimum Essential Medium
(MEM) containing 20% FBS, 1% non-essential amino acids
(Sigma-Aldrich Corp., St. Louis, Mo.), 1% sodium pyruvate
(Sigma-Aldrich Corp., St. Louis, Mo.) and 1% penicillin-
streptomycin. GBM6 cells were derived from a surgically
isolated glioma specimen; these cells were grown in serum-
free DMEM/F12 media supplemented with B27, N2, and 20
ng/ml EGF and FGF. U87 cells were cultured in Dulbecco’s
MEM containing 10% FBS and 1% penicillin-streptomycin.
All reagents were purchased from Invitrogen (Carlsbad,
Calif.) unless indicated otherwise.

Example 2
CD133 Antigen Design and Generation

Human CDI133  (NCBI  Reference  Sequence
NM__006017.1) encodes a protein of 865 amino acid resi-
dues. About 355 of them were theoretically predicted to be
highly immunogenic. A 1065 bp oligonucleotide correspond-
ing to this selected amino acid block was synthesized after
incorporating codon optimizations to improve bacterial
expression. The oligonucleotide sequence was PCR ampli-
fied, cloned into a PET30a vector that had an N-terminal
His-tag, sequence verified and then transformed into a BL-21
(DE3) E. coli strain. For protein expression, 0.5 liters of
transformed bacteria were grown in LB medium and were
induced by 0.4 mM IPTG for two hours. The cells were
pelleted by centrifugation, resuspended in Tris-HCI lysis
buffer, and were disrupted by sonication on an ice bath. Pro-
tein expression in supernatant and pellet were analyzed by
resolving them in a 12% SDS-PAGE gel and then staining by
Coomasie Blue. Recombinant protein was purified from the
pellet by using nickel-NTA beads.

Example 3
Immunization and Monoclonal Antibody Production

All animal protocols used in the study were approved by
TIACUC of the University of Minnesota. Balb/c mice were
injected with the recombinant CD133 peptide fragment. Ani-
mals were periodically boosted three to four times with the
antigen until sufficient serum titer against CD133 was
obtained as analyzed by ELISA Immunized animals were
euthanized and their spleen was removed. Splenocytes
obtained were fused with myeloma cells using PEG, and were
cultured in HAT media. Culture supernatants were screened
for the production of antibody against CD133 using ELISA.

Example 4

Screening of Hybridoma Supernatants by Western
Blot

Caco-2 cells were lysed in RIPA buffer (Thermo Scientific,
Waltham, Mass.) and centrifuged at 10,000 rpm and 4° C. to
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remove debris. The protein concentration of cell lysates was
measured using BCA protein assay kit (Thermo Scientific,
Waltham, Mass.), with bovine serum albumin as the standard.
The cell lysates were resolved by a 10% SDS-PAGE gel
(Bio-Rad Laboratories, Inc., Hercules, Calif.) and transferred
onto a nitrocellulose membrane (Whatman Inc., Piscataway,
N.J.) using a criterion blotter (Bio-Rad Laboratories, Inc.,
Hercules, Calif.). The membrane was blocked with 5% non-
fat dry milk in TBST for one hour and then incubated with the
hybridoma supernatant or controls (negative control: pre
immune serum; positive controls: anti-CD133 antibody, ab
19898 from Abeam and post-immune anti-sera) overnight at
4° C. The membrane was then washed thrice with TBST and
then incubated with anti-mouse IgG conjugated to HRP (Cal-
Biochem, San Diego, Calif.) in 5% non-fat dry milk/TBST
for one hour at room temperature. The membrane was then
washed three times with TBST and visualized using Super-
Signal West Pico chemiluminescent substrate (Thermo Sci-
entific, Waltham, Mass.).

Example 5
Immunofluorescence

Caco-2 cells were plated in 16-well chamber slides. After
four days of growth, the cells were fixed with 4% paraform-
aldehyde, washed in DPBS and then incubated in 200 mM
glycine for 10 minutes. The cells were then blocked with a
solution of 0.5% BSA and 0.2% gelatin in PBS for 10 min-
utes. This was followed by incubation with hybridoma super-
natants or relevant controls (negative control: pre immune
serum; positive controls: anti-CD133 antibody, AC141 from
Miltenyi Biotec (Auburn, Calif.) and post-immune anti-sera)
overnight at 4° C. The cells were washed five times with PBS
and then incubated with Alexa 594 coupled anti-mouse IgG
for one hour at room temperature. The cells were further
washed with PBS and then visualized under a fluorescence
microscope. Images were taken using ProgRes C3® software
and then processed using Adobe Photoshop®.

Example 6
CD133 ¢DNA Transfection

CD133-IRES GFP or CMV GFP constructs were trans-
fected into U87 cells using FuGENE HD transfection reagent
according to the manufacturer’s instructions. Briefly, cells
were plated in a 10 cm dish. Twelve hours later, 10 pg of the
pDNA was diluted in serum-free growth DMEM and mixed
with 40 ul of the transfection reagent. Following incubation
for 15 minutes, the transfection mix was added to the cells.
Forty-eight hours later, cells were harvested using non-enzy-
matic cell dissociation buffer (Sigma-Aldrich Corp., St.
Louis, Mo.) for flow cytometry.

Example 7

FACS Staining

Primary human glioblastoma GBMG6 cells, U87, or Caco-2
cells were washed three times and suspended in 100 ul of
PBS. Cells were stained with either CD133/2 (293C3) (Milte-
nyi Biotec, Auburn, Calif.) or 100 ul of Hybridoma Clone 7
supernatant, incubated for 30 minutes at 4° C., washed three
times, and then suspended in 100 ul of PBS. Cells were
further incubated with 10 pl of anti-mouse hylite 647 (1:40
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dilution; American Qualex, San Clemente, Calif.) for 30 min-
utes at 4° C., washed three times, and analyzed by flow
cytometry.

Example 8
Immunohistochemistry

5 um paraffin sections of human kidney or glioblastoma
tissue were mounted onto charged slides. The sections were
deparaffinized and rehydrated using standard methods, rinsed
in running tap-water and placed in a PBS bath for five min-
utes. The slides were then incubated in a pre-heated steamer
bath with staining dish containing EDTA buffer (pH 8.0) for
30 minutes and then cooled for 20 minutes. The slides were
washed with PBS (pH 7.4) for minimum of five minutes and
then subjected to following incubation steps: blocking with
serum-free background Sniper (Biocare Medical, Concord,
Calif.), primary antibody at a 1:200 dilution of hybridoma
supernatant at 4° C. overnight, Leica Bond post primary,
Leica Bond polymer, and DAB chromagen developer. The
sections were rinsed well, counterstained with hematoxylin,
dehydrated, sealed with a cover slip and imaged.

Example 9
Tunicamycin Treatment and Analysis

Caco-2 cells were seeded in 6-well plates and treated with
2.5 pg/ml-20 pg/ml tunicamycin or vehicle (medium contain-
ing 0.1% DMSO) for three days. Samples were collected each
day by removing the medium from a set of wells and lysing
the cells in RIPA buffer. The lysates were centrifuged to
remove cell debris and then analyzed by western blotting
using either Hybridoma Clone 7 or anti-GAPDH (Sigma-
Aldrich Corp., St. Louis, Mo.) as primary antibodies.

Example 10
Cloning and Expression of scFv
Summary

A clone scFv gene of a human prominin-1-specific mouse
MADb, was generated. Initially, a mouse scFv library was
constructed using RNA derived from the hybridoma cell line.
Briefly, after total RNA purification and first-strand cDNA
synthesis, a unique two-step PCR protocol was used to
amplify the scFv-encoding gene repertoire. The VH and VL.
gene pools were amplified from the synthesized cDNA, sepa-
rately. The scFv genes were assembled randomly by fusing
VH and VL fragments using an over-lap PCR. The scFv
c¢DNA and pCDisplay-4 vector were digested by a single,
rarely-cutting restriction enzyme Sfil. After ligation, the
recombinant constructs were transformed into electro-com-
petent . coli XLI-BLUE. After overnight culture at 37° C.,
the amplified recombinant phagemid was extracted from bac-
teria and kept at -20° C. The library construction was
achieved by only one transformation and had a theoretical
size of 1.0x10”.

After that, a standard panning process was carried out. The
re-amplified library was incubated with human prominin-1
pre-coated in 96-well plate for 1-2 hours at 37° C. After
multiple washes, the binding phage antibody was eluted with
a low pH buffer. The retrieved recombinant phages were
amplified in E. coli for the next round of panning. After 3
rounds of panning, 30 randomly picked-up clones were
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checked for their reactivity against prominin-1 by phage
ELISA, and nine positive clones were identified. The DNA
sequencing results showed that five of them were identical,
suggesting that they are all derived from the single hybridoma
clone: a hybridoma cell line that secretes anti-prominin-1
MAD.

One of them, No. 11 clone, was transformed into E. cofi
ToplOF' for expression. Soluble expression of scFv was
achieved by utilizing . co/i secretion machinery and induced
at low temperature (30° C.). The expressed scFv was found
mainly in the culture medium and periplasmic space of E.
coli.

Soluble scFv ELISA was performed to confirm the binding
specificity to the target protein. The recombinant No. 11 scFv,
expressed both in culture medium and periplasmic space, was
specific for human prominin-1 protein, although the binding
signal is lower than the positive control, the parent intact
bivalent antibody.

In conclusion, we were able to successfully clone the scFv
gene/cDNA from the selected hybridoma clone.

Materials and Reagents

Antigen: human prominin-1 expressed in E. coli as a 6*HIS
fusion protein.

Hybridoma cell line: anti-human C-prominin-1 murine
monoclonal antibody (No. 7).

EIA/RIA stripwell 96-well plates: Corning (New York, N.Y.)
Enzymes:

RT: SuperScript II Reverse Transcriptase, Invitrogen
(Carlsbad, Calif.)

ExTagq: Takara Co. (Shiga, Japan)

T4 ligase: Invitrogen (Carlsbad, Calif.)

Restriction enzyme: Sfil, Roche (Basel, Switzerland)

E. coli XLI-Blue host strain: From Stratagene (La Jolla,
Calif.). XLI-Blue is a suppressor strain, in which the amber
stop codon would not be recognized and the mouse ScFv
antibodies would be fused with phage coat protein III and
displayed on the surface of phage virions.
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E. coli ToplOF' host strain: From Invitrogen (Carlsbad,
Calif.). ToplOF' is a non-suppressor strain, in which the
amber stop codon would be recognized and the soluble scFv
antibodies would be produced.

VCSM13 helper phage: from Stratagene (La Jolla, Calif.).
LB Medium: Per liter: 10 g Bacto-Tryptone, 5 g yeast extract,
5 g NaCl.

LB-A Plates: Add 15 g agar to 1 L. LB medium, autoclave,
when cool, add ampicillin (AMP) to 100 pg/mlL..

SB Medium: Per liter: 10 g MOPS, 30 g tryptone, 20 g yeast
extract. Stirto dissolve, titrate to pH 7.0. Autoclave at 121°C.,
20 minutes.

Top agar: Add 0.35 g of' bacto agar to 50 mL of LB medium.
Autoclave.

PBS: Per liter: 8 g NaCl, 0.2 g KCl, 1.7 g Na,HPO,, 0.163 g
KH,PO,, pH to 7.4 with HCI.

Coating Buffer: 0.1M NaHCO; (pH 8.6)

TBS Buffer: 50 mM Tris-HCl, pH 7.5, 150 mM NaCl.
Substrate: TMB and H,O, from Pierce (Rockford, I11.)
Blocking buffer1: TBS (pH 7.4), 1 mg/mLBSA, 0.02% NaN,.
Filter sterilized and stored at 4° C.

Blocking buffer2: PBS (pH 7.4), 5 mg/ml. Non-fat Milk
powder, 0.02% NaNj,, store at 4° C.

HOURP-conjugated anti-M13 antibody: From GE healthcare
(Fairfield, Conn.)

HOURP-conjugated anti-HA tag antibody: From GenScript
Co. (Piscataway, N.J.)

HOURP conjugated goat anti-mouse secondary antibody:
From Golden Bridge Int., Inc. (Mukilteo, Wash.).

Acidic eluting buffer: 0.1M Glycine-HCI (pH 2.2).

Phage precipitant (PEG/NaCl): 20% (w/v) polyethylene gly-
col-6000, 2.5 M NaCl. Autoclave, store at room temperature.
Total RNA extraction kit: QIAGEN Co. (Valencia, Calif.).
Plasmid purification kit: QIAGEN Co. (Valencia, Calif.).
Vector: pCDisplay-4 vector.

Agarose gel DNA fragment recovery kit: Takara Co. (Shiga,
Japan).

Nitrocellulose membrane: Bio-Rad Laboratories, Inc. (Her-
cules, Calif.).

TABLE 3
Mouse VK 5' primers.
Primer name Primer sequence (5' — 3') SEQ ID NO
MSCVK-1 GGG CCC AGG CGG CCG AGC TCG AYA TCC AGC TGA CTC AGC C 3
MSCVK-2 GGG CCC AGG CGG CCG AGC TCG AYA TTG TTC TCW CCC AGT C 4
MSCVK-3 GGG CCC AGG CGG CCG AGC TCG AYA TTG TGM TMA CTC AGT C 5
MSCVK-4 GGG CCC AGG CGG CCG AGC TCG AYA TTG TGY TRA CAC AGT C 6
MSCVK-5 GGG CCC AGG CGG CCG AGC TCG AYA TTG TRA TGA CMC AGT C 7
MSCVK-6 GGG CCC AGG CGG CCG AGC TCG AYA TTM AGA TRA MCC AGT C 8
MSCVK-7 GGG CCC AGG CGG CCG AGC TCG AYA TTC AGA TGA YDC AGT C 9
MSCVK-8 GGG CCC AGG CGG CCG AGC TCG AYA TYC AGA TGA CAC AGA C 10
MSCVK-9 GGG CCC AGG CGG CCG AGC TCG AYA TTG TTC TCA WCC AGT C 11
MSCVK-10 GGG CCC AGG CGG CCG AGC TCG AYA TTG WGC TSA CCC AAT C 12
MSCVK-11 GGG CCC AGG CGG CCG AGC TCG AYA TTS TRA TGA CCC ART C 13
MSCVK-12 GGG CCC AGG CGG CCG AGC TCG AYR TTK TGA TGA CCC ARA C 14
MSCVK-13 GGG CCC AGG CGG CCG AGC TCG AYA TTG TGA TGA CBC AGK C 15
MSCVK-14 GGG CCC AGG CGG CCG AGC TCG AYA TTG TGA TAA CYC AGG A 16
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Mouse VK 5' primers.

Primer name Primer sequence (5' — 3') SEQ ID NO
MSCVK-15 GGG CCC AGG CGG CCG AGC TCG AYA TTG TGA TGA CCC AGW T 17
MSCVK-16 GGG CCC AGG CGG CCG AGC TCG AYA TTG TGA TGA CAC AAC C 18
MSCVK-17 GGG CCC AGG CGG CCG AGC TCG AYA TTT TGC TGA CTC AGT C 19
TABLE 4
VK 3' antisense primers

Primer name Primer sequence (5' — 3') SEQ ID NO
MSCJK12-BL GGA AGA TCT AGA GGA ACC ACC CCC ACC ACC GCC CGA GCC 20

ACC GCC ACC AGA GGA TTT KAT TTC CAG YTT GGT CCC
MSCJK4 -BL GGA AGA TCT AGA GGA ACC ACC CCC ACC ACC GCC CGA GCC 21

ACC GCC ACC AGA GGA TTT TAT TTC CAA CTT TGT CCC
MSCJK5-BL GGA AGA TCT AGA GGA ACC ACC CCC ACC ACC GCC CGA GCC 22

ACC GCC ACC AGA GGA TTT CAG CTC CAG CTT GGT CCC

TABLE 5
VH 5' sense primers

Primer name Primer sequence (5' — 3') SEQ ID NO
MSCVH-1 GGT GGT TCC TCT AGA TCT TCC CTC GAG GTR MAG CTT CAG GAG TC 23
MSCVH-2 GGT GGT TCC TCT AGA TCT TCC CTC GAG GTB CAG CTB CAG CAG TC 24
MSCVH-3 GGT GGT TCC TCT AGA TCT TCC CTC GAG GTG CAG CTG AAG SAS TC 25
MSCVH-4 GGT GGT TCC TCT AGA TCT TCC CTC GAG GTC CAR CTG CAA CAR TC 26
MSCVH-5 GGT GGT TCC TCT AGA TCT TCC CTC GAG GTY CAG CTB CAG CAR TC 27
MSCVH-6 GGT GGT TCC TCT AGA TCT TCC CTC GAG GTY CAR CTG CAG CAG TC 28
MSCVH-7 GGT GGT TCC TCT AGA TCT TCC CTC GAG GTC CAC GTG AAG CAG TC 29
MSCVH-8 GGT GGT TCC TCT AGA TCT TCC CTC GAG GTG AAS STG GTG GAA TC 30
MSCVH-9 GGT GGT TCC TCT AGA TCT TCC CTC GAG GTG AWG YTG GTG GAG TC 31
MSCVH-10 GGT GGT TCC TCT AGA TCT TCC CTC GAG GTG CAG SKG GTG GAG TC 32
MSCVH-11 GGT GGT TCC TCT AGA TCT TCC CTC GAG GTG CAM CTG GTG GAG TC 33
MSCVH-12 GGT GGT TCC TCT AGA TCT TCC CTC GAG GTG AAG CTG ATG GAR TC 34
MSCVH-13 GGT GGT TCC TCT AGA TCT TCC CTC GAG GTG CAR CTT GTT GAG TC 35
MSCVH-14 GGT GGT TCC TCT AGA TCT TCC CTC GAG GTR AAG CTT CTC GAG TC 36
MSCVH-15 GGT GGT TCC TCT AGA TCT TCC CTC GAG GTG AAR STT GAG GAG TC 37
MSCVH-16 GGT GGT TCC TCT AGA TCT TCC CTC GAG GTT ACT CTR AAA GWG TST G 38
MSCVH-17 GGT GGT TCC TCT AGA TCT TCC CTC GAG GTC CAA CTV CAG CAR CC 39
MSCVH-18 GGT GGT TCC TCT AGA TCT TCC CTC GAG GTG AAC TTG GAA GTG TC 40
MSCVH-19 GGT GGT TCC TCT AGA TCT TCC CTC GAG GTG AAG GTC ATC GAG TC 41




US 9,249,225 B2

31

TABLE 6

32

VH 3' antisense primers

Primer name Primer sequence (5' — 3')

SEQ ID NO

MSCGlab-B

CCT GGC CGG CCT GGC CAC TAG TGA CAG ATG GGG

STG TYG TTT TGG C 42

TABLE 7

Overlap extensgion primersg

Primer name Primer sequence (5' — 3')
RSC-F GAG GAG GAG GAG GAG GAG GCG GGG CCC AGG CGG
RSC-B GAG GAG GAG GAG GAG GAG CCT GGC CGG CCT GGC

SEQ ID NO
CCG AGC TC 43
CAC TAG TG 44

Experimental Procedures
Validation of Antigen-Antibody Reaction

The hybridoma cells were cultured in DMEM with 10%
FBS. When the cells were confluent, they were grown for
additional 2-3 days. The supernatant was harvested for
ELISA. The recombinant C-prominin-1 protein was coated at
a 1:1000 dilution in 96-well plate and incubated at 4° C.
overnight. The coating buffer was discarded, the protein was
washed 1 time, 300 ul/well of 5% milk bufter was added, and
incubated at 4° C. overnight.

ELISA.

The hybridoma supernatant was diluted with 5% milk
buffer at 1:1, 1:10, 1:100, 1:500 and 50 pl./well was added
and incubated at 37° C. for one hour. The wells were washed
four times, and 50 pl./well goat anti-mouse secondary anti-
body-HOURP conjugate was added at a dilution of 1:2000
and incubated at 37° C. for one hour. Washed four times, and
added 50 ul./well substrate.

Preparation of XLI-BLUE Electrocompetent Cells and
VCSM13 Helper Phage
Preparation of Electrocompetent £. co/i-XLI-Blue.

15 mL of pre-warmed SB was inoculated in a 50-mL flask
with a single £. coli colony from a glycerol stock that was
freshly streaked onto an agar plate. Tetracycline was added to
30 pg/mL and cell were grown overnight at 250 rpm and 37°
C. 2.5 mL of the culture was diluted into each of six two-liter
flasks with 500 mL of SB, 10 mL of 20% glucose, and 5 mL
of'1 M MgCl,. No antibiotics were added. Flasks were shaken
at250 rpm and 37° C. until the optical density (OD) at 600 nm
was about 0.7 after 2.5 hour. The six flask cultures and twelve
500-mlL centrifuge bottles were chilled on ice for 15 minutes.
Everything was kept on ice and done as rapidly as possible.

The flask cultures were poured into six pre-chilled 500-mL
centrifuge bottles and spun at 3,000 g for 20 minutes at 4° C.
The supernatant was poured off and each of the pellets was
resuspended in 25 ml of pre-chilled 10% glycerol using
25-mlL pre-chilled plastic pipettes. Two resuspended pellets
were combined in one pre-chilled 500-ml. centrifuge bottle
and pre-chilled 10% glycerol was added up to about 500 mL..
The other pellets were combined similarly and spun as before.
Each pellet was resuspended in 500 mL of 10% pre-chilled
glycerol and spun as before. The supernatant was poured off
and each pellet was resuspended in 25 mL of pre-chilled 10%
glycerol until complete homogeneity is reached. The suspen-
sions were transferred into pre-chilled 50-mL tubes and spun
at2,500 g for 15 minutes at4° C. Meanwhile, about 50 1.5 mL
microcentrifuge tubes were set up in a rack in a dry ice/
ethanol bath.
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The supernatant from each tube was carefully poured off
until the pellet began to slide out. The supernatant was dis-
carded. Using a 25-mL pre-chilled plastic pipette, each pellet
was resuspended in the remaining volume and the three sus-
pensions were combined. A 1-mL pipette tip with a snipped-
off end was used to immediately aliquot 300-pL volumes into
the microcentrifuge tubes that were placed in the dry ice/
ethanol bath. The tubes were capped and stored at —-80° C.

Preparation of Helper Phage-VCSM13.

200 pg/ml. of XLI-Blue at OD600 0.4 was infected with 10
uL of 100-fold serial dilutions of VCSM13 helper phage in a
37° C. water bath for 30 minutes. 3 ml. molten H-top agar
(42° C.) was added and poured onto warm LB plates. Plates
were allowed to set and were incubated overnight at 37° C. A
small plaque was picked into 5 mL of fresh SB at an OD600
0t 0.4 and grown for about two hours shaking at 37° C. The
culture was added to 500 mL SB in a 2 liter flask and grown
shaking at 37° C. for one hour. Kanamycin was added to a
final concentration of 50 pg/ml. and the flasks were grown
overnight shaking at 37° C.

The overnight culture was spun at 10,800 g for 15 minutes.
100 mI. PEG/NaCl (20% polyethylene glycol 6000, 2.5M
NaCl) was added to 400 mL supernatant and left for one hour
onice. The culture was spun 10,800 g for 30 minutes and the
PEG/NaCl was poured away. The pellet was resuspended in 8
mL PBS and spun at 11,600 g for 10 minutes to remove any
remaining bacterial debris. The supernatants were transferred
to fresh 50-mL bottle and stored at 4° C.

Construction of Mouse scFv Library

Primers for mouse scFv amplification were synthesized.
Total RNA was extracted and reverse-transcribed into cDNA.
Extraction and purification of anti-human prominin-1 hybri-

doma cell total RNA was done following the QIAGEN RNe-
asy Micro Handbook.

The following components were added to a nuclease-free
microcentrifuge tube:

Oligo(dT),q (500 pg/mL) 1uL
Total RNA 10 pL
1 pL ANTP mix (10 mM each) 1uL

12 pL

The mixture was heated to 65° C. for five minutes and then
quick chilled on ice. The contents of the tube were collected
by brief spin. The following was then added to the tube:
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5 first strand buffer 4l
0.IM DTT 2 pL
RNaseOUT (inhibitor) 1L
Superscript I RT 1L
20 pL

The contents were mixed and incubated at 4° C. for 50 min-
utes. The reaction by was inactivated by heating at 70° C. for
15 minutes.

PCR was run to amplify mouse scFv encoding gene reper-
toire. Variable region of Light-chain (VL) and heavy-chain
(VH) fragment-encoding DNA sequences were amplified
independently, fused by overlap-extension PCR, and cloned
directionally by using two asymmetric sites of the rare cutter
Sfil. Primer sequences used are as shown in the Materials and
Reagents section. scFv (VL-linker-VH) was transcribed as a
single transcript under the control of one LacZ promoter. The
amber stop codon between the antibody genes and bacte-
riophage gene III enables the production of soluble scFv
fragments in a non-suppressor strain of £. coli.

PCR Reactions and Conditions
First Round PCR for Amplification of VL. and VH:

Takara Ex Taq (5 U/uL) 0.25 ul
10X PCR buffer (Mg>* free) 5.0 uL
MgClL, (25 mM) 4.0 uL
dNTPs (2.5 mM of each) 4.0 uL.
cDNA 2.0 pL
Primerl (5' of VH or VL, 10 uM) 1.0 uL
Primer2 (3' of VH or VL, 10 uM) 1.0 uL
Add H,0 to 50.0 pL

First Round PCR Conditions:

94° C. for 5 minutes

30 cycles of

94° C. for 30 seconds

56° C. for 30 seconds

72° C. for 1 minute

Followed by 72° C. for 10 minutes
Isolation of First Round PCR Product.

The PCR product was run on a 1% agarose gel and the
correct-sized bands were cut out (the size of VH and VL of

mouse antibody is around 400 bp). The DNA was purified by .

resin binding kit (Takara Co., Shiga, Japan).
Second Round of PCR (Overlap Extension)

In the second round of PCR, the appropriate first-round
products were mixed in equal molar ratios to generate scFv
product.

Takara Ex Taq (5 U/uL) 0.25 ul.
10X PCR buffer (Mg?* free) 5.0 uL
MgCL, (25 mM) 4.0uL
dNTPs (2.5 mM of each) 4.0 L
Fd (50 ng) 2.0 uL
Light chain (50 ng) 2.0 uL
RSC-F (10 uM) 1.0l
RSC-B (10 uM) 1.0l
Add H,0 to 50.0 pL

Perform the PCR for scFv under the following conditions:
94° C. for 5 minutes
20 cycles of
94° C. for 30 seconds
56° C. for 30 seconds
72° C. for 2 minutes
Followed by 72° C. for 10 minutes
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Isolation of Second Round PCR Product

The PCR product was run on a 1% agarose gel and the
correct-sized bands were cut out (the size of scFv of mouse
antibody is about 800 bp). The DNA was purified by a resin
binding kit.

Restriction Digestion of the scFv PCR Product and pCDis-
play-4 Vector
The digestion reaction of the PCR products contains:

10 pg of purified scFv product

160 Units of Sfil (16 Units per pg of DNA)

20 uL of 10 buffer M

Add water to a volume of 200 plL
The digestion reaction of the pCDisplay-4 vector should con-
tain:

20 pg of pCDisplay-4 vector

120 Units of Sfil (6 Units per pug of DNA)

20 uL of 10 buffer M

Add water to a volume of 200 plL
Both digests were incubated for five hours at 50° C. The
digested scFv and vector were purified on a 1% agarose gel
(the correct size of double-cut vector is about 3400 bp,
whereas the linearized vector DNA is 5000 bp).

Ligation of the Digested scFv with the Digested Vector DNA
The following ligation mixture was incubated at 16° C. over-
night:

pCDisplay-4 vector 2 pug

scFv3 g

5 buffer 40 pL.

T4 ligase 15 pL.

Add water to 200 pL.

Transformation of the Ligation Product into Competent F.
Coli XLI-BLUE Cells

The ligation product was precipitated by adding 1 pL. of
glycogen, 1 pl. of yeast tRNA, and 20 pl. of 3 M sodium
acetate, and 400 pL. of ethanol, and storing the mixture over-
night at -20° C.

The ligation product mixture was spun at full speed in a
micro-centrifuge for 15 minutes at 4° C. The supernatant was
removed and discarded. The pellet was rinsed twice with 1
mlL of 70% ethanol and was drained inverted on a paper towel.
The pellet was dissolved in 30 ulL of water followed by gentle
vortexing.

300 uL of electro-competent E. coli was thawed on ice. The
competent cells were added to ligated library sample and
were mixed by pipetting up and down once, and were trans-

5 ferred to a cuvette. The cuvette was stored on ice for one

minute and then electroporated at 2.5 KV. The cuvette was
flushed immediately with 1 mL and then twice with 2 mL of
pre-warmed SB. The 5 ul, of SB used to flush the cuvette were
combined in a 50-mL flask. The flask was shaken at 250 rpm
for one hour at 37° C.

10 mL of pre-warmed SB was added to the flask, and 3 pl,
of 100 mg/mL amp”. The 15-mL culture was shaken at 250
rpm for 1 hour at37° C. To titer the transformed bacteria, 2 pl,
of the culture was diluted in 200 L. of SB medium, and 100
pL and 10 uL of this 1:100 dilution were plated on LB+amp®
plates. The plates were incubated overnight at 37° C.

80 mL of pre-warmed SB, 5 mL 0 20% glucose, and 97 pul.
of amp”® were added to the culture. The 100-mL culture was
shaken at 250 rpm overnight at 37° C.

The bacterial cells were harvested by centrifugation of
overnight culture, and the phagemid was purified by using a
QIAGEN kit. The phagemid was stored at -20° C.

Library Panning Against Human Prominin-1
Library Reamplication

10 pug of mouse ScFv library phagemid was electro-trans-
formed into 300 pL electro-competent X[.I-BLLUE cells. The
cuvette was flushed immediately with 1 mL and then twice
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with 2 mL of pre-warmed SB, and the 5 m[. were combined in
a 50-mlL. flask. The flask was shaken at 250 rpm for one hour
at37°C.

10 mL of pre-warmed SB, 3 pL of amp®, and 30 uL of tet®
was added. The 15-mL culture was shaken at 250 rpm for 1
hour at 37° C. 4.5 uL of amp”™ was added, and the flask was
shaken for an additional hour at 250 rpm and 37° C.

4 mL of VCSM13 helper phage was added and the culture
was transferred to a S00-mlL. flask. 180 mL of pre-warmed SB
medium, 92.5 pL of amp® and 370 uL of tet® was added. The
200-mL culture was shaken at 300 rpm for 1.5 hours at 37° C.

200 uL of 50 mg/mL Kan® was added and shaking was
continued 4-5 hours at 250 rpm at 37° C. The culture was spun
at 3,000 g for 15 minutes at 4° C. 50 mL 5*PEG/NaCl was
added and the culture was stored on ice for 30 minutes. It was
spun at 15,000 g for 15 minutes at 4° C. The supernatant was
discarded. The bottle was drained by inverting on a paper
towel, and the remaining liquid was wiped off from the upper
part of the centrifuge bottle with a paper towel.

The phage pellet was resuspended in 2 mL of 1% BSA in
TBS by pipetting up and down along the side of the centrifuge
bottle. The suspension was transferred to a 1.5 mL tube which
was vortexed and spun at full speed in a microcentrifuge for
five minutes at 4° C. The supernatant was stored at 4° C.
Library Panning Against Human Prominin-1

The wells of a 96-well ELISA plate were coated with 2 ug
of human prominin-1 in 50 pL of 0.1M NaHCO,, pHS8.6, and
incubated overnight at 4° C. The coating solution was shaken
out of the wells and the wells were blocked by adding 300 pL.
of 1% BSA
(w/v)in TBS. The plate was sealed and incubated overnight at
4°C.

The blocking buffer was shaken out of the wells and 50 pl.
of freshly prepared phage library was added to each well (4
wells). The plate was sealed and incubated for two hours at
37°C.

The phage solution was shaken out of the wells and the
wells were washed five times by an ELISA plate washer
machine (washed 10 times in the second round, and washed
15 times in the third round).

After shaking out the final washing solution, 50 ulL of 0.1M
glycine-HCI, pH 2.2, was added and the plate was incubates
for 10 minutes at 37° C. The solution was pipetted 10 times
vigorously up and down and the eluate was transferred to a
microfuge tube containing 6 ul. of neutralizing solution (1M
Tris). The eluates were transferred to the 2-ml. XLI-BLUE
cells and incubated at 37° C. for 30 minutes.

6 mL of prewarmed SB medium and 1.6 pL. of 100 mg/ml.
amp” and 12 pL of 5 mg/mL tet® were added to the cells. The
8-mlL culture was shaken at 250 rpm for one hourat37°C.2.4
uL of amp® was added and the culture was shaken for an
additional hour at 250 rpm and 37° C.

2 mL of VCSM13 helper phage was added to the 8-mL
culture and the culture was transferred to a flask. 90 mL of SB
medium and 46 uL amp® and 184 uL of tet® were added. The
100-mL culture was shaken at 250 rpm for 1.5 hours at 37° C.

100 pL of 50 mg/mL kan® was added and shaking was
continued overnight at 250 rpm at 37° C.

The culture was spun at 3,000 g for 15 minutes at 4° C. 25
mL 5*PEG/NaCl was added, and the culture was stored on ice
for 30 minutes.

The culture was spun at 15,000 g for 15 minutes at 4° C.
The supernatant was discarded. The bottle was drained by
inverting on a paper towel, and the remaining liquid was
wiped off from the upper part of the centrifuge bottle with a
paper towel.
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The phage pellet was resuspended in 2 mL of 1% BSA in
TBS by pipetting up and down along the side of the centrifuge
bottle. The suspension was transferred to a 1.5 mL tube and
was vortex and spun at full speed in a microcentrifuge for five
minutes at 4° C. The supernatant was kept at 4° C. for next
round panning.

Three rounds of panning have been done.

Phage ELISA

30 single colonies were randomly picked up from library
panning the third elute titration plate, and inoculated in 2 mL
LB medium with 100 pg/mL amp®. The 2-mL tubes were
shaken at 250 rpm for 5-8 hours at 37° C.

40 pL helper phage was added VCSM13 to each culture,
and shaken for another two hours at 37° C.

2 uL of kan® was added to each culture, and the cultures
were shaken overnight at 250 rpm and 30° C.

The cultures were centrifuged at 12,000 rpm for 15 min-
utes, and the supernatant was taken. The supernatant contain-
ing phage was diluted with equal volume of 5% milk and was
incubated for 10 minutes at room temperature.

100 pL of the dilute phage was added to each well, and
incubated for two hours at 37° C.

The plate was washed five times.

50 uLL per well of diluted secondary antibody conjugate at
1:3,000 (HOURP-conjugated anti-M13 antibodies, diluted in
5% milk) was added, and incubated for one hour at 37° C.

The plate was washed five times. 50 TMB substrate was
added for detection, and incubated for 30 minutes at RT.
DNA Sequencing and Bioinformatics Analysis

Nine clones were found to react specifically with the
human prominin-1 by phage ELISA, they are No. 4, 5, 6,7, 8,
10, 11, 22, 23. The plasmids were extracted, and the primers
for sequencing are: P1: 5'-AAGACAGCTATCGCGATTG-
CAG-3' (SEQ ID NO:45), and P2: 5'-GCCCCCTTATT-
AGCGTTTGCCATC-3' (SEQ ID NO:46).

The returned sequences were translated with professional
software (DNA Star) and the protein sequences were aligned.
scFv Prokaryotic Expression

According the sequencing results, No. 11 clone was trans-
formed into E. coli host, Top10F' for expression. Single colo-
nies were picked and grow overnight at 37° C. in LB media
with 100 ug/mL Amp”. IPTG was added to a final concentra-
tion of 1 mM, and induce at 30° C. overnight.

The overnight culture was collected and spun at 10,000
rpm for five minutes. The supernatant and pellet were col-
lected for expression detection. The proteins were denatured
with 2 SDS sample buffer by boiling at 100° C. for 10 min-
utes. The protein samples were separated by 10% SDS-PAGE
and transferred onto nitrocellulose membrane (Bio-Rad
Laboratories, Inc., Hercules, Calif.). The membrane was
blocked with milk blocking buffer at RT for one hour, and was
incubated with HOURP-conjugated anti-HA tag antibody at
1:200 dilution for 1.5 hour at RT, washed four times in wash
buffer, the proteins were detected by a chemiluminescence
assay as recommended by the manufacturer (Pierce, Rock-
ford, 111.).

Soluble scFv ELISA

A single colony was picked from No. 11 DNA transformed
ToplOF' E. coli LB-Amp plate in and used to inoculate 25 mL
LB medium with 100 ng/ml. Amp. The culture was shaken at
37° C. at 250 rpm overnight.

The 25 mL overnight culture was diluted to 500 mLL LB
containing Amp and was shaken at 37° C. at 250 rpm for about
two hours until the OD600 reached 0.5 to 0.7. IPTG was
added to a final concentration of 1 mM. The culture was
shaken at 30° C. overnight.
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The culture was centrifuged at 5,000 g for 20 minutes at 4°
C. The supernatant was kept for ELISA.

The cell pellet was completely suspended with 50 mL
ice-cold PBS containing protease inhibitors (1 mM PMSF),
and was sonicated on ice in short bursts. The power setting
was 7 mM, 40% power cycle 5 (HD2200 W/MS 73). Triton
X-100 was added to the cell lysate to a final concentration of
1% and was mixed gently for 30 minutes at room temperature
to aid in solubilization of the fusion protein.

The mixture was centrifuged at 15,000 rpm (Heraeus

#3334 rotor) for 30 minutes at 4° C., and the supernatant was
taken for ELISA.

The 2 supernatants were diluted (one is from overnight
culture supernatant, and the other is from overnight culture
pellet) containing soluble mouse scFv with equal volume of
5% milk and were incubated for 10 minutes at room tempera-
ture.

100 uL of the diluted scFv was added to each well (coated
with human prominin-1), and incubated for one hour at 37° C.

The plate was washed five times.
50 pL per well of diluted secondary antibody conjugate at

1:2,000 (HOURP-conjugated anti-HA, diluted in 5% milk)
was added, and incubated for one hour at 37° C.

The plate was washed five times.

50 pL/well TMB substrate was added for detection, and
incubated for 30 minutes at room temperature.

Validation of Antigen-Antibody Reaction

Under the negative and blank control, the supernatant con-
taining MAb can specifically react with human prominin-1, at
1:1, 1:10, 1:100, 1:500 dilution, demonstrating that the anti-
human C-prominin-1 murine monoclonal antibody (No. 7)
binds its antigen with high specificity and affinity, and cloning
and expression of its variable region are feasible.
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Construction of Mini Mouse Antibody Library with scFv
Format

The mini mouse scFv library was constructed in two steps.
The variable region gene pools of VL. and VH were amplified
with their corresponding backward and forward primers, to
maintain maximal diversity. Of the 19 combinations (19x1)
for VH, and 51 combinations (17x3) for VL, only 4 VH and 7
VL combinations have amplified positive bands (about 400
bp). After purification, the VH and VL genes were combined
with each other to develop scFv genes by an overlap extension
(about 800 bp). The overlap scF'v PCR product and pCDis-
play-4 vector were digested using Sfil. After ligation, the
ligation product was transformed into XI.I-BLUE, and the
resulting recombinant phagemid was stored at -20° C. By a
single electroporation, a phage antibody library containing
1.0x10” members was constructed.
Biopanning Against Human Prominin-1

The mouse scFv library was panned against human promi-
nin-1. As seen in Table 8, after three rounds of panning,
enrichment of specific scFv clones was efficient, achieving a
394-fold (6.3x107°/1.6x1077) increase in relative yield, from
the first to the third round of panning.

TABLE 8

Panning of mouse scFv library against human prominin-1.

Rounds of
screening  Titer of input phage  Titer of output phage  output/input
1 1.3 x 102 21x10° 1.6x 1077
2 1.7 x 10'2 6.5 x 106 3.8x107°
3 3.0 x 102 1.9x 10% 6.3x 107
Phage ELISA

After three rounds of panning, 30 randomly picked phage
clones were screened, and nine were found to react specifi-
cally with human prominin-1 protein by phage ELISA (Table
9). The values of A450 with bond character were considered
positive clones to prominin-1.

TABLE 9

The result of phage-ELISA of the third round elute.

No.

1 2 3 4 5 6 7 8 9 10 11 12 13

14

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

A450 03 0.1 01 10 1.3 1.3 09 1.0 03 1.2 14 02 03 02 02 04 01 0.1 03 03 0.2 1.2 1.1 01 03 03 0.2 03 0.1 04

50

The Sequencing Results

The nine positive clones were sequenced successfully and
their deduced amino acid sequences are listed below (Table
10). Analyzing their sequences with DNA Star software
revealed that the heavy- and light-chain variable regions of
No. 5, 8, 11, 22, 23 are identical. Also all the sequences are
very close to each other, suggesting that they are all derived
from the single hybridoma clone, hybridoma cell line that
secretes anti-prominin-1 MAb. The variation could be due to
PCR or sequencing.

TABLE 10

Deduced amino acid sequences of variable regions of heavy and light chains
of the nine positive scFv clones against human prominin-1 selected by phage ELISA.

Clone Amino Acid Sequence

SEQ ID NO

No. 4

AQAAELDIVLTQSPAIMSASPGEKVTISCSASSSVGYMYWYQQKPGSSPKPWIYRPSN

47

LASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQOYHSYPPTFGAGTKLELKSSGG

GGSGGGGGGSSRSS LEVKLVESGPELKKPGETVKISCKASGYTFTDYSMHWVNQAPGK
GLKWMGWINTETGEPSYADDFKGRFAFSLETSASTAYLQINNLKNEDTATYFCATDYG
DYFDYWGQGTTLTVSSAKTTPPSVTSGQ
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TABLE 10 -continued

Deduced amino acid sequences of variable regions of heavy and light chains
of the nine positive scFv clones against human prominin-1 selected by phage ELISA.

Clone Amino Acid Sequence SEQ ID NO

No. 5 AQAAELDIVLTQSPAIMSASPGEKVTISCSASSSVSYMYWYQOKPGSSPKPWIYRTSN 48
LASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCOQYHSYPPTFGAGTKLELKSSGG
GGSGGGGGGSSRSSLEVKLVESGPELKKPGETVKISCKASGYTFTDYSMHWVNQAPGK
GLKWMGWINTETGEPSYADDFKGRFAFSLETSASTAYLQINNLKNEDTATYFCATDYG
DYFDYWGQGTTLTVSSAKTTPPSVTSGQAGQ

No. 6 AQAAELDIVLTQSPAIMSASPGEKVTISCSASSSVSYMYWYQOKPGSSPKPWIYRPSN 49
LASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCOQYHSYPPTFGAGTKLELKSSGG
GGSGGGGGGSSRSSPEVMLVESGPELKKPGETVKISCKASGYTFTDYSMHWVNQAPGK
GLKWMGWINTETGEPSYADDFKGRFAFSLETSASTAYLQINNLKNEDTATYFCATDYG
DYFDYWGQGTTLTVSSAKTTPPSVTSGQAGQ

No. 7 AQAAELDIVLTQSPAIMSASPGEKVTISCSASSSVSYMYWYQOKPGOPPRLLTYLVSN 50
LESGVPARFSGSGSGTDFTLNIHPVEEEDAATYYCOQYHSYPPTFGAGTKLEIKSSGG
GGSGGGGGGSSRSSLEVKLVESGPELKKPGETVKISCKASGYTFTDYSMHWVNQAPGK
GLKWMGWINTETGEPSYADDFKGRFAFSLETSASTAYLQINNLKNEDTATYFCATDYG
DYFDYWGQGTTLTVSSAKTTPPSVTSGQAGQ

No. 8 AQAAELDIVLTQSPAIMSASPGEKVTISCSASSSVSYMYWYQOKPGSSPKPWIYRPSN 51
LASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCOQYHSYPPTFGAGTKLELKSSGG
GGSGGGGGGSSRSSLEVHLVESGPELKKPGETVKISCKASGYTFTDYSMHWVNQAPGK
GLKWMGWINTETGEPSYADDFKGRFAFSLETSASTAYLQINNLKNEDTATYFCATDYG
DYFDYWGQGTTLTVSSAKTTPPSVTSGQAGQ

No. 10 AQAAELDIVLSQSPAIMSASPGEKVTISCSASSSVSYMYWYQQKPGSPPKPWIYRTSN 52
LASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCOQYHSYPPTFGAGTKLELKSSGG
GGSGGGGGGSSRSSLEVKLVESGPELKKPGETVKISCKASGYTFTDYSMHWVNQAPGK
GLKWMGWINTETGEPSYADDFKGRFAFSLETSASTAYLQINNLKNEDTATYFCATDCG
DYFDYWGQGTTLTVSSAKTTPPSVTSGQAGQ

No. 11 AQAAFELDIVLSQSPAIMSASPGEKVTISCSASSSVSYMYWYQQOKPGSSPKPWIYRTSN 53
LASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCOQYHSYPPTFGAGTKLELKSSGG
GGSGGGGGGSSRSSLEVKLVESGPELKKPGETVKISCKASGYTFTDYSMHWVNQAPGK
GLKWMGWINTETGEPSYADDFKGRFAFSLETSASTAYLQINNLKNEDTATYFCATDYG
DYFDYWGQGTTLTVSSAKTTPPSVTSGQAGQ

No. 22 AQAAELDIVLTQSPAIMSASPGEKVTISCSASSSVSYMYWYQQKPGSSPKPWIYRPSN 54
LASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCOQYHSYPPTFGAGTKLELKSSGD
GGSGGGGGGSSRSSLEVKLVESGPELKKPGETVKISCKASGYTFTDYSMHWVNQAPGK
GLKWMGWINTETGEPSYADDFKGRFAFSLETSASTAYLQINNLKNEDTATYFCATDYG
DYFDYWGQGTTLTVSSAKTTAPSVTSGQAGQ

No. 23 AQAAFELDIVLTQSPAIMSASPGEKVTISCSASSSVSYMYWYQQOKPGSSPKPWIYRPSN 55
LASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCOQYHSYPPTFGAGTKLELKSSGG
GGSGGGGGGSSRSSLEVQLVESGPELKKPGETVKISCKASGYTFTDYSMHWVNQAPGK
GLKWMGWINTETGEPSYADDFKGRFAFSLETSASTAYLQINNLKNEDTATYFCATDYG
DYFDYWGQGTTLTVSSAKTTAPSVTSGQAGQ

Underline text = light chain (VL) ;
italicized text—heavy chain (VH);
plain text = linker

No. 11 was transformed into E. coli Top 10F" for expres-
sion. Its DNA sequence is listed below.

TABLE 11

gcFv No. 11 DNA gequence

SEQ ID
Nucleic Acid Sequence NO

GGCCCAGGCGGCCGAGCTCGACATTGTTCTCTCCCAGTCTCCAGCAATCATGTCTGCATCTCC 56
AGGGGAGAAGGTCACCATATCCTGCAGTGCCAGCTCAAGTGTAAGTTATATGTACTGGTACCA
GCAGAACCAGGATCCTCCCCCAAACCCTGGATTTATCGCACATCCAACCTGGCTTCTGGAGTC
CCTGCTCGCTTCAGTGGCAGTGGGTCTGGGACCTCTTACTCTCTCACAATCAGCAGCATGGAG

GCTGAAGATGCTGCCACTTATTACTGCCAGCAGTATCATAGTTACCCACCCACGTTCGGTGCT
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TABLE 11 -continued
gcFv No. 11 DNA gequence

Nucleic Acid Sequence

SEQ ID
NO

GGGACCAAGCTGGAGCTGAAATCCTCTGGTGGCGGTGGCTCGGGCGGTGGTGGGGGTGGTTCC

TCTAGATCTTCCCTCGAGGTGAAGCTGGTGGAGT CTGGACCTGAGCTGAAGAAGCCTGGAGAG

ACAGTCAAGATCTCCTGCAAGGCTTCTGGTTATACCTTCACAGACTATTCAATGCACTGGGTG

AATCAGGCTCCAGGAAAGGGTTTAAAGTGGATGGGCTGGATAAACACTGAGACTGGTGAGCCA

TCATATGCAGATGACTTCAAGGGACGGTTTGCCTTCTCTTTGGAAACCTCTGCCAGCACTGCC

TATTTGCAGATCAACAACCTCAAAAATGAGGACACGGCTACATATTTCTGTGCTACCGATTAC

GGGGACTACTTTGACTACTGGGGCCAAGGCACCACTCTCACAGTCTCCTCAGCCAAAACGACA

CCCCCATCTGTCACTAGTGGCCAGGCCGGCCAGCACCATCACCAT CACCATGGCGCATRTEL

Underlined text
italicized text

sfil gite;
linker;
bold text = 6HIS tag;

b!glll‘gbL t = oa tag; and
strikethourough text = Amber stop codon.

Detection of scFv Expressed in a Soluble Form

By transforming into E. co/i Top1OF', soluble recombinant
No. 11 scFv antibody was produced. Since ToplOF' is a
non-suppressor strain, the amber stop codon was translated
and the soluble scFv antibody was produced. Soluble expres-
sion of scFv was achieved by utilizing £. coli secretion
machinery and induced at low temperature (30° C.).

The expressed scFv was found mainly in the culture
medium and periplasmic space of E. coli. Western-blot detec-
tion of expressed soluble scFv in the culture supernatant and
pellet. The detection antibody was HOURP-conjugated anti-
HA tag antibody, since the scFv was expressed as a HA-
fusion protein with a size of 34 kDa.

Soluble scFv Based ELISA

Soluble scFv ELISA was performed to confirm the binding
specificity to the target protein. Here, the expressed scFv was
captured by human prominin-1 pre-coated plate, and the
binding of the soluble scFv fused with HA tag was detected
with anti-HA Ab-HOURP conjugate. As shown in Table 12,
No. 11 scFv, expressed both in culture medium and periplas-
mic space, was confirmed specific for human prominin-1
protein, although the binding signal is lower than positive
control, the parent intact bivalent antibody. Supernatant and
pellet are test samples, PC means positive control, hybridoma
secreted antibody (diluted at 1:2000) was used, BLK means
blank.

TABLE 12

Soluble ELISA against human prominin-1.

No. Supernatant Pellet Positive Control Blank

A450 0.9 14 1.9 0.2

By using phage display technology, we have successfully
cloned and selected VL. and VH genes of murine MAb against
human prominin-1, and expressed its scFv fragment in E. coli
host.

After three rounds of panning against human prominin-1
by newly constructed mouse scFv library which derived from
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human prominin-1 specific MADb [clone 7], nine clones were
detected with positive phage ELIS A signals, namely, No. 4, 5,
6,7,8,10, 11, 22, 23. DNA sequencing revealed that heavy-
and light-chain variable regions of all of them are similar. In
particular, No. 5, 8, 11, 22 and 23 are identical, suggesting
that they are all derived from a single hybridoma cell line that
secretes anti-prominin-1 MAb.

No. 11 clone was used to express soluble scFv protein in
ToplOF' E. coli host. After overnight inducing at 30° C., the
expressed scFv was found mainly in the culture medium and
periplasmic space of E. coli.

In the end, soluble scFv-based ELISA confirmed the spe-
cific binding of No. 11 scFv antibody against the target pro-
tein, demonstrating this scFv gene derive from its corre-
sponding body, human prominin-1-specific MAb.

The DNA sequence of this No. 11 clone is the real cDNA
sequence of the VH and VL fragments of the original hybri-
doma. The minor alteration in sequences of other scFv clones
could derive from PCR and DNA sequencing.

Conventionally, MAbs are generated by fusing B cells
from an immunized mouse with myeloma cell from the same
species. Within this immortal hybridoma cell line, B cell
secretes MAb against its epitope, the myeloma cell line
makes them immortal, which means that they can grow and
divide indefinitely. When the MAb-encoded scFv gene is to
be cloned from hybridoma total RNA, conceivably, we refer
to the antigen specific rearranged immunoglobulin heavy-
and light-chain gene, but myeloma is B cell origin, and has all
the cellular machinery necessary for the secretion of antibod-
ies, and many even transcribe the genes and secrete these
proteins. So, there is a possibility that hybridoma’s two part-
ner cells encoded antibody VH and VL genes may mismatch
each other, and result in the failure of scFv cloning.

Based on several different analysis, it is estimated that
there are more than 100 mice heavy-chain germ-line
sequences organized into five or more families, and a similar
number of k light-chain germ-line sequences. So, it is hard to
amplify the antigen specific antibody VH and VL gene with
one pair of primers. Though the degenerated primers may be
used, this approach inevitably modifies the 5' and 3' ends of
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the rearranged genes segments, leading to low protein expres-
sion, or even to non-expression of recombinant scFv.

To circumvent these problems described above, phage dis-
play technique has been employed to clone human promi-
nin-1 specific MAb scFv construct and to get prokaryotic
expression. Two sets of mouse specific VH and VL primers
were designed, and PCR used with all primer combinations
theoretically permits the amplification of all rearranged vari-
able regions. The amplified VH, VL pools were then linked
through an overlap PCR to give the final scFv genes that are
used for cloning. Thus, VH, VL genes repertoire with authen-
tic residues at both ends were amplified, and the ScFv genes
pool gave maximal combination between VH and VL, which
surely contained prominin-1-specific MAb’s scFv clone.

After three rounds of panning against prominin-1, nine
clones were detected with positive phage ELISA signals.
DNA sequencing revealed that five of them were identical,
suggesting that they were all derived from a single hybridoma
cell line that secretes anti-prominin-1 MAb and this cloning
strategy worked well.

The length of the linker appears to influence the association
state of the scFv molecule. Long linkers (about 20 amino
acids) appear to favor monomeric molecules, whereas short
linkers (e.g., five amino acids) favor dimers, in which the VH
of'the one scFv molecule is paired with the VL of the other and
vice versa. In this study, a 18-amino-acid long linker
(SSGGGGSGGGGGGSSRSS; SEQ ID NO:74) is used to
connect VH and VL fragment.

Example 11

Ult-Luc or CMV-CDI133 pDNA constructs were trans-
fected into HEK293-TLR2 cells using JetPEI transfection
reagent according to the manufacturer’s instructions (Poly-
plus Transfection). Briefly, 7.5x10° cells/well were seeded in
a 6-well plate. Twelve hours later, 2.5 ng of each pDNA were
diluted in 5 pl 5% dextrose and mixed with 0.35 plL JetPEI
also in 5 ul 5% dextrose. Following incubation for 15 minutes,
the transfection mix was added to the cells. Forty-eight hours
later, cells were harvested using non-enzymatic cell dissocia-
tion buffer (Sigma-Aldrich Corp., St. Louis, Mo.) for flow
cytometry.

CD133scFv was labeled with FITC at a FITC:scFv ratio of
24:1 (Invitrogen, Carlsbad, Calif.) and dialyzed to remove
any free unbound FITC. An oligonucleotide was prepared
from the known GeneBank sequence of CD133 and then
transfected into HEK293-TLR2 cells using a polyethylen-
imine (PEI)-DNA complex. The cells were incubated with
anti-CD133scFv-FITC complex, washed, and then studied on
a BD FACScanto II flow cytometer. Data are represented in
standard histogram format whereby % positive cells are plot-
ted against fluorescence intensity. Only the CD133 trans-
fected cells reacted with the FITC-labeled CD133scFv. Con-
trols include transfected cells reacted with empty vector,
transfected cells reacted with an isotype control, or untrans-
fected cells that are not reacted with CD133-FITC. Results
are shown in FIG. 4.

Example 12

Construction of dCD133KDEL

Synthesis and assembly of hybrid genes encoding the
single-chain CD133KDEL was accomplished using DNA-
shuftling and DNA cloning techniques. The fully assembled
fusion gene (from 5' end to 3' end) consisted of an Ncol
restriction site, an ATG initiation codon, the genes for 243
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amino acid human dCD133, glycine serine (G4S)3 linker
between heavy and light chain sFv, the 7 amino-acid EASG-
GPE linker, the first 362 amino acids of the pseudomonas
exotoxin (PE) molecule with KDEL replacing the REDLK at
the C-terminus, and a NotI restriction site at the 3' end of the
construct. The resultant 1846 bp Ncol/Notl fragment gene
was spliced into the pET28¢ bacteria expression vector under
control of an isopropyl-b-D-thiogalactopyranoside inducible
T7 promoter. DNA sequencing analysis (Biomedical Genom-
ics Center, University of Minnesota) was used to verify that
the gene was correct in sequence and had been cloned in
frame. To create  deimmunized  CDI133KDEL
(dCD133KDEL) with decreased immunogenicity, eight
amino acids representing the seven major epitopes on PE38
were mutated using the QuickChange Site-Directed
Mutagenesis Kit (Stratagene, La Jolla, Calif.). The following
amino acids were altered: R490A, R513A, R467A, E5488S,
K590S, R432G, Q332S, R313A and confirmed by DNA
sequencing.

Example 13

dCD133KDEL Fusion Protein Kills Squamous
Carcinoma Cells In Vitro

The head and neck cancer cell line UMSCC-11B was cul-
tured in 24-well tissue culture plates. Briefly, 10,000 cells
were plated per well. Media containing the fusion protein was
replaced daily. Wells were harvested every other day using a
trypsin/saline solution, stained with trypan blue vital dye, and
counted microscopically with a hemoctyometer. Untreated
wells were typically confluent by day 8. In wells containing
0.5 nM dCD133KDEL, cell growth was inhibited compared
to the cells in the untreated wells. In wells containing a similar
concentration of a control anti-B cell targeted toxin CD22
KDEL, growth was not inhibited. Results are shown in FIG. 6.

Example 14

For tumor initiation studies, UMSCC-11B squamous car-
cinoma cells were injected into the right flank of nude mice at
a concentration of 300,000 cells/mouse. Tumor size was mea-
sured twice each week using digital calipers and tumor vol-
ume was calculated. Three experimental cell groups were
studied. Animals given UMSCC-11B cells enriched for
CD133 expression (using Stem Cell Technologies FITC
selection magnetic bead kit at a purity of greater than 80%)
showed the highest incidence of growth (75%) and grew at the
fastest rate, consistent with an enriched cancer stem cell
population. The unsorted cells (controls) had a tumor inci-
dence of 38% and grew significantly slower (p<0.04). A third
group of mice were given cells cultured with dCD133KDEL
for six days. These mice had the lowest level of tumor takes,
only one out of four and this tumor grew at the slowest rate.
The data indicates that dCD133KDEL inhibits tumor initia-
tion. Results are shown in FIG. 7.

Example 15

MDA-MB-231 cells were cultured in 24-well tissue culture
plates. Briefly, 10,000 cells were plated/well. Media contain-
ing the fusion protein was replaced daily. Wells were har-
vested every other day using a trypsin/saline solution, stained
with trypan blue vital dye, and counted microscopically with
a hemoctyometer. In wells containing 1 nM or 10 nM
dCD133KDEL, cell growth was inhibited compared to the
cells in the untreated wells. In wells containing a similar
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concentration of a control anti-T cell targeted toxin CD3CD3
KDEL, growth was slowed, but not entirely inhibited. NTR—
No treatment. Results are shown in FIG. 8.

Example 16

To determine the effect of deimmunized toxin linked to
CD22CD19 targeting ligands on CD22*CD19* Daudi cells,
increasing concentrations of 2219KDEL7mut made with
deimmunized toxin were compared to non-mutated
2219KDEL made with non-deimmunized toxin in a prolif-
eration assay. Data are presented in FIG. 11 as control
response.

To detect anti-toxin antibodies, immunocompetent
C57BL/6 mice were immunized with either deimmunized
drug or non-deimmunized drug. Mice were immunized
weekly for several weeks. Serums from individual mice were
analyzed in a modified ELISA measuring pg/ml anti-toxin
IgG. Data were represented as the average pg IgG/ml. The
two groups significantly differed (p<0.05) and the deimmu-
nized drug showed about an 80% reduction in anti-toxin after
several immunizations. Results are shown in FIG. 12.

To determine whether neutralizing antibodies were
present, serum from the immunized mice were tested for their
ability to neutralize a constant inhibitory concentration of
2219KDEL. Data are depicted as percent control response.
SAL=Serum anti-toxin levels. High serum anti-toxin levels
with serum from mice immunized with non-deimmunized
drugs neutralized, but not the sera from the mice immunized
with deimmunized drug. Results are shown in FIG. 13.

To determine whether deimmunized 2219KDEL7mut was
efficacious, SCID mice given a lethal injection of Raji-luc
cells were treated with three courses of drug or control
CD3CD3 KDEL beginning on day 3. Pooled data (experi-
ments 1 and 2) are shown as a Kaplan-Meier plot. The drug
was highly active and able to prevent the onset of cancer.
Results are shown in FI1G. 14.

Example 17
Mouse Model

Our mouse models involve the following features. 1) The
cells in the breast cancer and pancreatic models may be given
systemically and the cancer metastasizes to several key
organs including the liver. 2) We treat systemically intraperi-
toneally with drug. 3) We can follow the development of
tumor in real time. We accomplished this by genetically engi-
neering all of our carcinoma lines with firefly luciferase and
green fluorescent protein (GFP) reporter genes so that we
could follow the effect of drug treatment over time by biolu-
minescent imaging and visualize what is going on internally
without killing the mice at each time point. All tumor lines
were selected for stable transfectants and no change in
tumorogenicity or antigen expression. Histological studies
were performed to confirm the bioluminescent data. The gene
used for the original transfection encodes dual reporters
luciferase and GFP, which adds additional information. For
example, in a recent study we used the luciferase reporter to
monitor tumor progression and the GFP reporter to locate
specific organs targeted by tumor in the same animals. The
advantage is that we can visualize metastasis in vivo in real
time and learn more about the nature of metastatic progres-
sion. For breast cancer and head and neck cancer, the cells are
surgically implanted in the spleen. Pancreatic cancer cells are
given orthotopically. The cells are lethal in our models and
tumors most commonly metastasize to the liver. 4) Long-term
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survivors are verified as tumor-free by histology studies. His-
tology findings always correlate with our bioluminescent
imaging results. The value of these models has been proven in
several recent publications.
The Effect of dCD133KDEL on Tumor Progression in Mice
with Systemic MDA-MB-231 Tumors

Systemic tumors were induced in nude mice by injecting
tumor cells via intrasplenic injection. For intrasplenic injec-
tion, a small incision was made and forceps used to immobi-
lize the spleen. One half to two million cells were slowly
injected into the spleen using a 27 gauge needle to avoid
backflow. Intraperitoneal treatment of the mice was begun on
Day-6 post-tumor inoculation with dCD133KDEL. A single
course of treatment consisted of an injection of 20 pug of drug
given every other day (MWF) and mice were given 6 courses
oftreatment. Animals were imaged weekly. Bioluminescence
intensity was measured as a function of photons/sec/sr/cm?.
Controls were untreated. Mice were imaged in real time and
images were captured using Xenogen Ivis imaging system
(Xenogen Corporation, Hopkington, Mass.) and analyzed
IGOR Pro 4.09a software (WaveMetrics, Inc., Portland,
Oreg.). Prior to imaging, mice were anesthetized using isof-
lorane gas. All mice received 100 pl of a 30 mg/ml D-luciferin
aqueous solution (Gold Biotechnology, St. Louis Mo.) as a
substrate for luciferase 10 minutes before imaging. All
images represent a five minute exposure time and all regions
ofinterest (ROI) are expressed in units of photons/sec/sr/cm?.
Results are shown in FIG. 9.
Combination Treatment

Systemic MDA-MB-231 tumors were induced in nude
mice by giving cells via intrasplenic injection. Treatment of
mice was begun on Day-6 post-tumor inoculation with a
suboptimal dose of dCD133KDEL, a suboptimal dose of
dEGF4KDEL, or a mixture of both suboptimal doses. A
single course of treatment consisted of an injection of 4 pg of
dCD133KDEL or 3 ng EGF4KDEL given every other day
(MWF) and mice were given 4 courses of treatment. The last
group was treated with both drugs combined. Animals were
imaged weekly. Bioluminescence intensity was measured as
a function of photons/sec/sr/cm?. Controls were untreated.
Results are shown in FIG. 10.

Example 18

dCD133KDEL Inhibits the Human Pancreatic
Adenocarcinoma MiaPaCa-2 In Vitro

Protein synthesis inhibition is used as a measure of anti-
cancer activity. To measure protein synthesis, we used a stan-
dard assay measuring *H-Leucine incorporation. Cells (10%/
well) were plated in 96-well flat-bottomed plates and
incubated overnight at 37° C. at 5% CO,. dCD133KDEL in
varying concentrations were added to wells in triplicate. Incu-
bation continued for 72 hours and [Methyl->H]-Leucine (GE
Healthcare, UK) was added (1 uCi per well) for the final 24
hours of incubation. Plates were frozen to detach cells and
then harvested onto a glass fiber filter, washed, dried, and
counted using standard scintillation methods. Results are
shown in FIG. 16.

Example 19
CD133 Expression on UMSCC-11B Cells
CD133 expression on UMSCC-11B cells on head and neck

cancer cells. CD133 expression was measured on the
UMSCC-11B cell line using flow cytometery. Cells were
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reacted with anti-CD133scFV-FITC for 30 minutes in the
dark on ice. Cells were then washed 3x using saline and
studied using a flow cytometer (FACScanto™ II, BD Bio-
sciences, Franklin Lakes, N.J.). The blank (untreated cells)
was used to establish the gate of non-positive cell activity.
CD133 was expressed on both head and neck cancer cell
lines, NA and UMSC-11B, at 5.9% and 6% respectively
(Table 13). The Caco-2 colorectal carcinoma was included as
a positive control cell line since it known to overexpress
CD133. Controls included cells reacted with anti-EpCam-
FITC, anti-CD45-FITC, and anti-CD19-FITC. Expression of
CD45 and CD19 is mostly restricted to normal malignant
hematopoietic cells.

TABLE 13
Cell Line CD133* EpCam* CD45* CD119*
NA 5.9 — — 1.1
UMSCC-11B 6.0 98.0 0.5 0.3
Caco-2 80.0 — 0.8
Example 20

dCD133KDEL Inhibits the Human Head and Neck
Cancer Cell Line NA In Vitro

NA cells (10%*/well) were plated in 96-well flat-bottomed
plates and incubated overnight at 37° C. at 5% CO,.
dCD133KDEL in varying concentrations was added to wells
in triplicate. Incubation continued for 72 hours and [Methyl
*HJ-Leucine (GE Healthcare, UK) was added (1 pCi per well)
for the final 24 hours of incubation. Plates were frozen to
detach cells and then harvested. Data is expressed as percent-
age of *H-leucine incorporation relative to control cells incu-
bated in media alone. dCD133KDEL inhibited protein syn-
thesis activity. Control anti-T cell does not react with NA cells
and did not inhibit activity. dEpCAM23 KDEL was included
as a positive control because of the high EpCAM expression
on this cell line. Results are shown in FIG. 17.

Example 21
CD133-Immunoparticles

Cell Culture

Caco-2 cells were obtained from ATCC and were cultured
in Minimum Essential Medium (MEM) containing 20% FBS
(Invitrogen, Carlsbad, Calif.), 1% non-essential amino acids
(Sigma-Aldrich Corp., St. Louis, Mo.), 1% sodium pyruvate
(Sigma-Aldrich Corp., St. Louis, Mo.) and 1% penicillin-
streptomycin (Sigma-Aldrich Corp., St. Louis, Mo.) at 37°
C./5% CO, in a humidified incubator.
Preparation of Maleimide Functionalized PLGA Nanopar-
ticles loaded with 6-coumarin

PLGA (30 mg) and 6-coumarin (250 ng) were dissolved in
1 ml of chloroform. An oil-in-water emulsion was formed by
emulsifying the polymer solution in 8 ml of 2.5% w/v aque-
ous PVA solution by probe sonication (18-24 W, Sonicator
XL, Misonix, Inc., Farmingdale, N.Y.) for five minutes over
an ice bath. The diblock copolymer PLA-PEG-MAL (8 mg)
was dissolved in chloroform (200 ul) and added dropwise to
the above emulsion with stirring. The emulsion was stirred for
18 hours at ambient conditions followed by two hours under
vacuum to remove the residual chloroform. Nanoparticles
were recovered by ultracentrifugation (35,000 rpm for 35
minutes at 4° C., Optima LE-80K, Beckman Coulter, Inc.,
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Brea, Calif.) and washed three times with deionized water.
Nanoparticle suspension was then lyophilized (FreeZone 4.5,
Labconco Corp., Kansas City, Mo.) to obtain a dry powder.
Conjugation of CD133 Antibody to Maleimide Functional-
ized Poly(Lactic-Co-Glycolic Acid (PLGA) Nanoparticles
Loaded with 6-Coumarin

Iminothiolation of CD133 Antibody:

20 ng of CD133 antibody (AC 141, Miltenyi Biotec,
Auburn, Calif.) was diluted to a final volume of 1 ml with
sodium phosphate bufter (pH 8) containing 150 mM sodium
chloride. To this, 4 ul of 1 mM solution of 2-Iminothiolane
freshly prepared in sodium phosphate/sodium chloride buffer
was added and incubated for two hours at 4° C. in a rotator.
The iminothiolated antibody solution was de-salted and
buffer exchanged with Hepes buffer mixture (50 mM Hepes,
pH 7.4, 150 mM sodium chloride, 2 mM EDTA) using Zeba
desalting column (Pierce, Rockford, Ill.) by following the
manufacturer’s protocol. The desalted antibody solution was
further concentrated using ultra-4 centrifugal filter unit
(AMICON, Millipore Corp., Billerica, Mass.) by centrifuga-
tion at 4000 rpm, 4° C. for 30 minutes.

Conjugation of Antibody with Malemide Functionalized
PLGA Nanoparticles:

The concentrated antibody solution (approximately 200
ul) obtained in the previous step was added to 15 mg of
malemide functionalized PLGA nanoparticles, loaded with
fluorescent 6-coumarin dye, dispersed in 750 pl Hepes buffer
mixture and incubated at room temperature for about 4.5
hours in a rotator. The particles were pelleted by centrifuga-
tion (either at 14000 rpm for 30 minutes in a bench-top
centrifuge or 30000 rpm for 30 minutes in an ultracentrifuge)
and washed twice with autoclaved de-ionised water. Nano-
particle suspension was then lyophilized (FreeZone 4.5, Lab-
conco Corp., Kansas City, Mo.) to obtain a dry powder.
Western Blot of CD133-Nanoparticles

1 mg of PLGA particles (plain or conjugated with CD133
antibody) was dispersed in 25 pl of 2x gel loading buffer
(Bio-Rad Laboratories, Inc., Hercules, Calif.) supplemented
with 2-mercaptoethanol and incubated at room temperature
for 30 minutes in a rotating shaker. The tubes were placed in
a water bath heated to 82° C. for five minutes and then
centrifuged to pellet the nanoparticles. About 20 nl of the
supernatant is resolved by a 12.5% SDS-PAGE gel and trans-
ferred onto a nitrocellulose membrane (Whatman Inc., Pis-
cataway, N.J.) using a criterion blotter (Bio-Rad Laborato-
ries, Inc., Hercules, Calif.). The membrane was blocked with
5% non-fat dry milk in TBST overnight at 4° C. and then
incubated with anti-mouse IgG conjugated to horseradish
peroxidase (HRP, EMD Chemicals, Gibbstown, N.J.) in 5%
non-fat dry milk/TBST for 1.5 hours at room temperature.
The membrane was then washed three times with TBST and
visualized using SUPERSIGNAL WEST PICO chemilumi-
nescent substrate (Pierce, Rockford, I11.). Results are shown
in FIG. 18.

Immunostaining of Caco-2 Cells Using CD133-Immunopar-
ticles

Caco-2 cells were plated in 16-well chamber slides. After 4
days of growth, the cells were fixed with 4% paraformalde-
hyde, washed in DPBS and then incubated in 200 mM glycine
for 10 minutes. The cells were then blocked with a solution of
0.5% BSA and 0.2% gelatin in PBS for 10 minutes. This was
followed by incubation with a suspension of CD133 antibody
conjugated PLGA particles loaded with 6-coumarin prepared
in blocking solution or relevant controls (negative control:
unconjugated PLGA particles loaded with 6-coumarin and
secondary antibody control; positive control: anti-CD133
antibody AC141, Miltenyi Biotec, Auburn, Calif.) at 4° C. for
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two hours. The cells were washed three times with PBS and
stained with ALEXA 594 coupled anti-mouse IgG (Invitro-
gen, Carlsbad, Calif)) in for one hour at room temperature.
The cells were further washed with PBS and visualized under
a fluorescence microscope. Images were taken using ProgRes
C3 software (Jenoptik AG, Jena, Germany) and processed
using Photoshop (Adobe Systems, Inc., San Jose, Calif.).
Results are shown in FIG. 20.
Flow Cytometry

PLGA particles (plain or conjugated with CD133 anti-
body) loaded with 6-coumarin were dispersed in PBS, to a
final concentration of 1 mg/ml, and incubated with ALEXA
647 coupled anti-mouse IgG (Invitrogen, Carlsbad, Calif.) for
two hours at room temperature in a rotator. The particles were
pelleted down by centrifugation at 12000 rpm for five min-
utes, washed once with PBS and then analyzed by flow
cytometry. Results are shown in FIG. 19.
Uptake of CD133 Antibody Conjugated PLGA Particles in
Caco-2 Cells

Caco-2 cells were seeded in 24-well plates and cultured in
5% CO, incubator. When confluent, cells were subjected to
the following series of steps: First, the complete growth
media was replaced with a reduced serum media (containing
2% FCS) and incubated for 45 minutes. This was followed by
incubation with either CD133 antibody conjugated PLGA
particles or PLGA particles (40 ng/well) dispersed in reduced
serum media at 4° C. for one hour. Next, the nanoparticle
treatments were removed, washed once with PBS, and then
cells were fed with complete growth medium and incubated at
37¢° C. for one hour. Cells were then washed with PBS and
lysed using 1% w/v Triton X-100 in 8 mM potassium phos-
phate buffer. A part of the cell lysate was lyophilized and
extracted with methanol. The 6-coumarin concentration in
the methanol extracts was determined by HPLC analysis.
Nanoparticle concentration in the cell lysate was normalized
to the total cell protein determined using BCA protein assay
kit (Pierce, Rockford, I11.). Results are shown in FIG. 21.

Example 22

Mice tolerate systemic treatment with dCD133KDEL very
well. Mice were given an intraperitoneal injection of either 20
ng, 50 ug, or 100 ng dCD133KDEL, a day of rest, and then a
second intraperitoneal injection. Survival is shown in Table
14. All animals survived with minimal weight loss indicating
that that the drug is well tolerated and minimally toxic in vivo.

TABLE 14
Dose Level Survivors/Total mice % Surviving
20 pg 33 100
50 pg 33 100
100 pg 11 100
Example 23

The effect of dCD133KDEL on in vivo tumor progression
in nude mice with human head and neck flank tumors. Flank
tumor progression is an accepted in vivo model for studying
head and neck cancer so mice (n=5/group) were given flank
injections of 3 million UMSCC-11B cells. Intratumoral treat-
ment of the mice was begun on Day-6 post-tumor inoculation
with dCD133KDEL. A single course of treatment consisted
of'an injection of 20 pg of drug given every other day (MWF)
and mice were given 8 injections. In A, tumor volume was
measured with calipers over time. The arrows indicate where
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treatment (Tx) began and ended. In B, animals were imaged
weekly. Bioluminescence intensity was measured as a func-
tion of photons/sec/sr/cm?®. Controls were treated wih PBS.
Mice were imaged in real time and images were captured
using Xenogen Ivis imaging system (Xenogen Corporation,
Hopkington Mass.) and analyzed IGOR Pro 4.09a software
(WaveMetrics, Inc., Portland, Oreg.). Prior to imaging, mice
were anesthetized using isoflurane gas. All mice received 100
ul of'a 30 mg/ml D-luciferin aqueous solution (Gold Biotech-
nology, St. Louis, Mo.) as a substrate for luciferase 10 min-
utes before imaging. All images represent a five minute expo-
sure time and all regions of interest (ROI) are expressed in
units of photons/sec/sr/cm®. Representative animals from
both groups are shown. M4-M6 treated with dCD133KDEL
were completely responded and were tumor free after 50
days, while controls did not respond. Results are shown in
FIG. 22. (ND—No data)

Example 24

The effect of dCD133KDEL on in vivo tumor progression
in nude mice with human head and neck flank tumors. This
Example was performed nearly identically to Example 23,
except tumors were induced in nude by intratumoral injection
of more cells (6 million) and treatment of mice was begun on
Day 10 post-tumor inoculation with dCD133KDEL. Nude
mice (n=5/group) were given flank injections of UMSCC-
11B cells. Intratumoral treatment of the mice was begun on
Day 10 post-tumor inoculation with dCD133KDEL. A single
course of treatment consisted of an injection of 20 pug of drug
given every other day (MWF) and mice were given 8 injec-
tions. Controls were treated with negative control anti-B cell
CD19 KDEL or not treated at all. Bioluminescence intensity
was measured as a function of photons/sec/sr/cm?®. Controls
were treated with PBS. Mice were imaged in real time and
images were captured using Xenogen Ivis imaging system All
regions of interest (ROI) are expressed in units of photons/
sec/cm2/sr. Sixty percent of the animals (3 of 5) responded
completely to dCD133KDEL treatment with no detectable
tumor growth, while none of the controls responded. Results
are shown in FIG. 23. (ND—mno data.)

Example 25
Cell Culture

Patient 9 (P9-F) cell line has been recently established from
a human patient diagnosed with GBM and made to express a
luciferase reporter gene under 2 pg/ml puromycin selection.
Cells were maintained as suspended neurospheres in serum-
free DMEM/F12 media supplemented with 1% non-essential
amino acids (Sigma-Aldrich Corp., St. Louis, Mo.), 1% peni-
cillin-streptomycin (Sigma-Aldrich Corp., St. Louis, Mo.),
B27, N2, Blasticidin (Invivogen, Carlsbad, Calif.) and 20
ng/ml EGF and FGF. Cells were incubated in a humidified
37¢ C. atmosphere containing 5% CO,. Prior to intracranial
injection, P9-F neurospheres were centrifuged and dissoci-
ated in Non-Enzymatic Cell Dissociation Buffer (Sigma-Al-
drich Corp., St. Louis, Mo.) to form a single-cell suspension.
Cell number and viability were determined via trypan blue
exclusion on a Countess automated cell counter (Invitrogen,
Carlsbad, Calif.).
P9-F Intracranial (IC) Injection

Athymic nu/nu mice were anesthetized with intraperito-
neal injection of a cocktail of 54 mg/ml Ketamine and 9.2
mg/ml Xylazine and place in a Kopf stereotactic head frame.
The scalp was swabbed with betadine and a midline incision
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was made with a scalpel. A burr hole was placed 2.5 mm
lateral and 0.5 mm anterior from sagittal midline located
bregma. A Hamilton syringe (26 gauge) was used to deliver
P9-F cells to a 3.3 mm depth from skull surface to about the
middle of caudate-putamen. Tumor growth was evaluated by
bioluminescent imaging.

scFvCD133-KDEL Intraperitoneal (IP) Injection

One week after IC injection of P9-F cells, mice (n=6) were
injected IP with 10 pg scFvCD133-KDEL. Twenty minutes
prior to injection of scFvCD133-KDEL, one group (n=7) was
given 2 mg/kg 25% mannitol IP to facilitate osmotic blood-
brain barrier (BBB) disruption. Dosing regimen consisted of
five days continuous treatment, two days rest, followed by
five days continuous treatment with 20 pg scFvCD133-
KDEL.

Mice were injected intraperitoneally with D-luciferin and
anesthetized with isoflurane. 15 minutes later, mice were
placed in a Xenogen IVIS Imaging System and imaged for
five minutes. Results are shown in FIG. 24. Red circles rep-
resent regions of interest (ROI) which quantity photon flux.

The complete disclosure of all patents, patent applications,
and publications, and electronically available material (in-
cluding, for instance, nucleotide sequence submissions in,
e.g., GenBank and RefSeq, and amino acid sequence submis-
sions in, e.g., SwissProt, PIR, PRF, PDB, and translations
from annotated coding regions in GenBank and RefSeq) cited
herein are incorporated by reference in their entirety. In the
event that any inconsistency exists between the disclosure of
the present application and the disclosure(s) of any document
incorporated herein by reference, the disclosure of the present
application shall govern. The foregoing detailed description
and examples have been given for clarity of understanding
only. No unnecessary limitations are to be understood there-
from. The invention is not limited to the exact details shown
and described, for variations obvious to one skilled in the art
will be included within the invention defined by the claims.

Unless otherwise indicated, all numbers expressing quan-
tities of components, molecular weights, and so forth used in
the specification and claims are to be understood as being
modified in all instances by the term “about.” Accordingly,
unless otherwise indicated to the contrary, the numerical
parameters set forth in the specification and claims are
approximations that may vary depending upon the desired
properties sought to be obtained by the present invention. At
the very least, and not as an attempt to limit the doctrine of
equivalents to the scope of the claims, each numerical param-
eter should at least be construed in light of the number of
reported significant digits and by applying ordinary rounding
techniques.

Notwithstanding that the numerical ranges and parameters
setting forth the broad scope of the invention are approxima-
tions, the numerical values set forth in the specific examples
are reported as precisely as possible. All numerical values,
however, inherently contain a range necessarily resulting
from the standard deviation found in their respective testing
measurements.

All headings are for the convenience of the reader and
should not be used to limit the meaning of the text that follows
the heading, unless so specified.

Sequence Listing Free Text

SEQ ID NO: 1

MALVLGSLLLLGLCGNSFSGGQPSSTDAPKAWNYELPATNYETQDSHKA
GPIGILFELVHIFLYVVQPRDFPEDTLRKFLQKAYESKIDYDKPETVIL
GLKIVYYEAGIILCCVLGLLFIILMPLVGYFFCMCRCCNKCGGEMHQRQ
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-continued

Sequence Listing Free Text

KENGPFLRKCFAISLLVICIIISIGIFYGFVANHQVRTRIKRSRKLADS
NFKDLRTLLNETPEQIKYILAQYNTTKDKAFTDLNSINSVLGGGILDRL
RPNIIPVLDEIKSMATAIKETKEALENMNSTLKSLHQQSTQLSSSLTSV
KTSLRSSLNDPLCLVHPSSETCNSIRLSLSQLNSNPELRQLPPVDAELD
NVNNVLRTDLDGLVQQGYQSLNDIPDRVQRQTTTVVAGIKRVLNSIGSD
IDNVTQRLPIQDILSAFSVYVNNTESYIHRNLPTLEEYDSYWWLGGLVI
CSLLTLIVIFYYLGLLCGVCGYDRHATPTTRGCVSNTGGVFLMVGVGLS
FLFCWILMIIVVLTFVFGANVEKLICEPYTSKELFRVLDTPYLLNEDWE
YYLSGKLFNKSKMKLTFEQVYSDCKKNRGTYGTLHLONSFNISEHLNIN
EHTGSISSELESLKVNLNIFLLGAAGRKNLQDFAACGIDRMNYDSYLAQ
TGKSPAGVNLLSFAYDLEAKANSLPPGNLRNSLKRDAQTIKTIHQQORVL
PIEQSLSTLYQSVKILQRTGNGLLERVTRILASLDFAQNFITNNTSSVI
IEETKKYGRTIIGYFEHYLQWIEFSISEKVASCKPVATALDTAVDVFLC
SYIIDPLNLFWFGIGKATVFLLPALIFAVKLAKYYRRMDSEDVYDDVET
IPMKNMENGNNGYHKDHVYGIHNPVMTSPSQH

SEQ ID NO: 2

NHQVRTRIKRSRKLADSNFKDLRTLLNETPEQIKYILAQYNTTKDKAFT
DLNSINSVLGGGILDRLRPNIIPVLDEIKSMATAIKETKEALENMNSTL
KSLHQQSTQLSSSLTSVKTSLRSSLNDPLCLVHPSSETCNSIRLSLSQL
NSNPELRQLPPVDAELDNVNNVLRTDLDGLVQQGYQSLNDIPDRVQRQT
TTVVAAAGRKNLODFAACGIDRMNYDSYLAQTGKSPAGVNLLSFAYDLE
AKANSLPPGNLRNSLKRDAQTIKTIHQQRVLPIEQSLSTLYQSVKILOR
TGNGLLERVTRILASLDFAQNFITNNTSSVIIEETKKYGRTIIGYFEHY
LOWIEFSISEKV

SEQ ID NO: 47
AQAAELDIVLTQSPAIMSASPGEKVTISCSASSSVGYMYWYQQKPGSSP
KPWIYRPSNLASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQOQYHS
YPPTFGAGTKLELKS SGGGGSGGGGGGSSRSS LEVKLVESGPELKKPGE
TVKISCKASGYTFTDYSMHWVNQAPGKGLKWMGWINTETGEPSYADDFK
GRFAFSLETSASTAYLQINNLKNEDTATYFCATDYGDYFDYWGQGTTLT
VSSAKTTPPSVTSGQ

Key:

Underlined: VL

Plain text: linker
Italics: VH
SEQ ID NO: 48

AQAAELDIVLTQSPAIMSASPGEKVTISCSASSSVSYMYWYQQKPGSSP
KPWIYRTSNLASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQOQYHS
YPPTEGAGTKLELKS SGGGGSGGGGGGSSRSS LEVKLVESGPELKKPGE
TVKISCKASGYTFTDYSMHWVNQAPGKGLKWMGWINTETGEPSYADDFK
GRFAFSLETSASTAYLQINNLKNEDTATYFCATDYGDYFDYWGQGTTLT
VSSAKTTPPSVTSGQAGQ

Key:

Underlined: VL

Plain text: linker
Italics: VH
SEQ ID NO: 49

AQAAELDIVLTQSPAIMSASPGEKVTISCSASSSVSYMYWYQQKPGSSP
KPWIYRPSNLASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQOQYHS
YPPTEGAGTKLELKS SGGGGSGGGGGGSSRSS PEVMLVESGPELKKPGE
TVKISCKASGYTFTDYSMHWVNQAPGKGLKWMGWINTETGEPSYADDFK
GRFAFSLETSASTAYLQINNLKNEDTATYFCATDYGDYFDYWGQGTTLT
VSSAKTTPPSVTSGQAGQ

Key:

Underlined: VL

Plain text: linker
Italics: VH
SEQ ID NO: 50

AQAAELDIVLTQSPAIMSASPGEKVTISCSASSSVSYMYWYQQKPGQPP
RLLIYLVSNLESGVPARFSGSGSGTDFTLNIHPVEEEDAATYYCQQYHS
YPPTFGAGTKLEIKS SGGGGSGGGGGGSSRSS LEVKLVESGPELKKPGE
TVKISCKASGYTFTDYSMHWVNQAPGKGLKWMGWINTETGEPSYADDFK
GRFAFSLETSASTAYLQINNLKNEDTATYFCATDYGDYFDYWGQGTTLT
VSSAKTTPPSVTSGQAGQ

Key:

Underlined: VL

Plain text: linker

VH

Italics:



US 9,249,225 B2

53

-continued

54

-continued

Sequence Listing Free Text

Sequence Listing Free Text

SEQ ID NO: 51
AQAAELDIVLTQSPAIMSASPGEKVTISCSASSSVSYMYWYQQKPGSSP
KPWIYRPSNLASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQOQYHS
YPPTFGAGTKLELKSSGGGGSGGGGGGSSRSS LEVHLVESGPELKKPGE
TVKISCKASGYTFTDYSMHWVNQAPGKGLKWMGWINTETGEPSYADDFK
GRFAFSLETSASTAYLQINNLKNEDTATYFCATDYGDYFDYWGQGTTLT
VSSAKTTPPSVTSGQAGQ

Key:

Underlined: VL

Plain text: linker

Italics: VH

SEQ ID NO: 52
AQAAELDIVLSQSPAIMSASPGEKVTISCSASSSVSYMYWYQQKPGSPP
KPWIYRTSNLASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQQYHS
YPPTFGAGTKLELKSSGGGGSGGGGGGSSRSS LEVKLVESGPELKKPGE
TVKISCKASGYTFTDYSMHWVNQAPGKGLKWMGWINTETGEPSYADDFK
GRFAFSLETSASTAYLQINNLKNEDTATYFCATDCGDYFDYWGQGTTLT
VSSAKTTPPSVTSGQAGQ

Key:

Underlined: VL

Plain text:
Italics: VH

linker

SEQ ID NO: 53
AQAAELDIVLSQSPAIMSASPGEKVTISCSASSSVSYMYWYQQKPGSSP
KPWIYRTSNLASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQQYHS
YPPTFGAGTKLELKSSGGGGSGGGGGGSSRSS LEVKLVESGPELKKPGE
TVKISCKASGYTFTDYSMHWVNQAPGKGLKWMGWINTETGEPSYADDFK
GRFAFSLETSASTAYLQINNLKNEDTATYFCATDYGDYFDYWGQGTTLT
VSSAKTTPPSVTSGQAGQ

Key:

Underlined: VL

Plain text:
Italics: VH

linker

SEQ ID NO: 54
AQAAELDIVLTQSPAIMSASPGEKVTISCSASSSVSYMYWYQQKPGSSP
KPWIYRPSNLASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQQYHS
YPPTFGAGTKLELKSSGDGGSGGGGGGSSRSS LEVKLVESGPELKKPGE
TVKISCKASGYTFTDYSMHWVNQAPGKGLKWMGWINTETGEPSYADDFK
GRFAFSLETSASTAYLQINNLKNEDTATYFCATDYGDYFDYWGQGTTLT
VSSAKTTAPSVTSGQAGQ

Key:

Underlined: VL

Plain text:
Italics: VH

linker

SEQ ID NO: 55
AQAAELDIVLTQSPAIMSASPGEKVTISCSASSSVSYMYWYQQKPGSSP
KPWIYRPSNLASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQQYHS
YPPTFGAGTKLELKSSGGGGSGGGGGGSSRSS LEVQLVESGPELKKPGE
TVKISCKASGYTFTDYSMHWVNQAPGKGLKWMGWINTETGEPSYADDFK
GRFAFSLETSASTAYLQINNLKNEDTATYFCATDYGDYFDYWGQGTTLT
VSSAKTTAPSVTSGQAGQ

Key:

Underlined: VL

Plain text:
Italics: VH

linker

SEQ ID NO: 56

GGCCCAGGCGGCCGAGCTCGACATTGTTCTCTCCCAGTCTCCAGCAATC
ATGTCTGCATCTCCAGGGGAGAAGGTCACCATATCCTGCAGTGCCAGCT
CAAGTGTAAGTTATATGTACTGGTACCAGCAGAACCAGGATCCTCCCCC
AAACCCTGGATTTATCGCACATCCAACCTGGCTTCTGGAGTCCCTGCTC
GCTTCAGTGGCAGTGGGTCTGGGACCTCTTACTCTCTCACAATCAGCAG
CATGGAGGCTGAAGATGCTGCCACTTATTACTGCCAGCAGTATCATAGT
TACCCACCCACGTTCGGTGCTGGGACCAAGCTGGAGCTGAAATCCTCTG
GTGGCGGTGGCTCGGGCGGTGGTGGGGGTGGTTCCTCTAGATCTTCCCT
CGAGGTGAAGCTGGTGGAGTCTGGACCTGAGCTGAAGAAGCCTGGAGAG
ACAGTCAAGATCTCCTGCAAGGCTTCTGGTTATACCTTCACAGACTATT
CAATGCACTGGGTGAATCAGGCTCCAGGAAAGGGTTTAAAGTGGATGGG
CTGGATAAACACTGAGACTGGTGAGCCATCATATGCAGATGACTTCAAG
GGACGGTTTGCCTTCTCTTTGGAAACCTCTGCCAGCACTGCCTATTTGC
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AGATCAACAACCTCAAAAATGAGGACACGGCTACATATTTCTGTGCTAC
CGATTACGGGGACTACTTTGACTACTGGGGCCAAGGCACCACTCTCACA
GTCTCCTCAGCCAAAACGACACCCCCATCTGTCACTAGTGGCCAGGCCG
GCCAGCACCATCACCATCACCATGGCGCATACCCGTACGACGTTCCGGA
CTACGCTTCTTAG

Key:

Underlined: Sfil site

Italics: linker
Bold: 6HIS tag
Underlined italics:
Bold underlined:

HA tag
amber stop codon

SEQ ID NO: 57
ATGGACATTGTTCTCTCCCAGTCTCCAGCAATCATGTCTGCATCTCCAG
GGGAGAAGGTCACCATATCCTGCAGTGCCAGCTCAAGTGTAAGTTATAT
GTACTGGTACCAGCAGAAGCCAGGATCCTCCCCCAAACCCTGGATTTAT
CGCACATCCAACCTGGCTTCTGGAGTCCCTGCTCGCTTCAGTGGCAGTG
GGTCTGGGACCTCTTACTCTCTCACAATCAGCAGCATGGAGGCTGAAGA
TGCTGCCACTTATTACTGCCAGCAGTATCATAGTTACCCACCCACGTTC
GGTGCTGGGACCAAGCTGGAGCTGAAATCCTCTGGTGGCGGTGGCTCGG
GCGGTGGTGGGGGTGGTTCCTCTAGATCTTCCCTCGAGGTGAAGCTGGT
GGAGTCTGGACCTGAGCTGAAGAAGCCTGGAGAGACAGT CAAGATCTCC
TGCAAGGCTTCTGGTTATACCTTCACAGACTATTCAATGCACTGGGTGA
ATCAGGCTCCAGGAAAGGGTTTAAAGTGGATGGGCTGGATAAACACTGA
GACTGGTGAGCCATCATATGCAGATGACTTCAAGGGACGGTTTGCCTTC
TCTTTGGAAACCTCTGCCAGCACTGCCTATTTGCAGATCAACAACCTCA
AAAATGAGGACACGGCTACATATTTCTGTGCTACCGATTACGGGGACTA
CTTTGACTACTGGGGCCAAGGCACCACTCTCACAGTCTCCTCA

SEQ ID NO: 58
MDIVLSQSPAIMSASPGEKVTISCSASSSVSYMYWYQQKPGSSPKPWIY
RTSNLASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQQYHSYPPTF
GAGTKLELKSSGGGGSGGGGGGSSRSSLEVKLVESGPELKKPGETVKIS
CKASGYTFTDYSMHWVNQAPGKGLKWMGWINTETGEPSYADDFKGRFAF
SLETSASTAYLQINNLKNEDTATYFCATDYGDYFDYWGQGTTLTVSS

SEQ ID NO: 59

EGF nucleotide:
AACAGCGACAGCGAATGTCCGCTGAGCCACGACGGTTACTGTCTGCACG
ACGGTGTTTGTATGTACATCGAAGCTCTAGACAAATACGCTTGTAACTG
TGTTGTTGGTTACATCGGTGAACGCTGTCAGTACCGCGACCTGAAATGG
TGGGAACTGCGC

SEQ ID NO: 60

EGF amino acid:
NSDSECPLSHDGYCLHDGVCMYIEALDKYACNCVVGYIGERCQYRDLKW
WELR

SEQ ID NO: 61

DT nucleotide:
ATGGGCGCTGATGATGTTGTTGATTCTTCTAAATCTTTTGTGATGGAAA
ACTTTTCTTCGTACCACGGGACTAAACCTGGTTATGTAGATTCCATTCA
AAAAGGTATACAAAAGCCAAAATCTGGTACACAAGGAAATTATGACGAT
GATTGGAAAGGGTTTTATAGTACCGACAATAAATACGACGCTGCGGGAT
ACTCTGTAGATAATGAAAACCCGCTCTCTGGAAAAGCTGGAGGCGTGGET
CAAAGTGACGTATCCAGGACTGACGAAGGTTCTCGCACTAAAAGTGGAT
AATGCCGAAACTATTAAGAAAGAGTTAGGTTTAAGTCTCACTGAACCGT
TGATGGAGCAAGT CGGAACGGAAGAGTTTATCAAAAGGTTCGGTGATGG
TGCTTCGCGTGTAGTGCTCAGCCTTCCCTTCGCTGAGGGGAGTTCTAGC
GTTGAATATATTAATAACTGGGAACAGGCGAAAGCGTTAAGCGTAGAAC
TTGAGATTAATTTTGAAACCCGTGGAAAACGTGGCCAAGATGCGATGTA
TGAGTATATGGCTCAAGCCTGTGCAGGAAATCGTGTCAGGCGATCAGTA
GGTAGCTCATTGTCATGCATAAATCTTGATTGGGATGTCATAAGGGATA
AAACTAAGACAAAGATAGAGTCTTTGAAAGAGCATGGCCCTATCAAAAA
TAAAATGAGCGAAAGTCCCAATAAAACAGTATCTGAGGAAAAAGCTAAA
CAATACCTAGAAGAATTTCATCAAACGGCATTAGAGCATCCTGAATTGT
CAGAACTTAAAACCGTTACTGGGACCAATCCTGTATTCGCTGGGGCTAA
CTATGCGGCGTGGGCAGTAAACGTTGCGCAAGTTATCGATAGCGAAACA
GCTGATAATTTGGAAAAGACAACTGCTGCTCTTTCGATACTTCCTGGTA
TCGGTAGCGTAATGGGCATTGCAGACGGTGCCGTTCACCACAATACAGA
AGAGATAGTGGCACAATCAATAGCTTTATCGTCTTTAATGGTTGCTCAA
GCTATTCCATTGGTAGGAGAGCTAGT TGATATTGGTTTCGCTGCATATA
ATTTTGTAGAGAGTATTATCAATTTATTTCAAGTAGTTCATAATTCGTA
TAATCGTCCCGCGTATTCTCCGGGGCATAAAACGCAACCATTT



US 9,249,225 B2

55

-continued

56

-continued

Sequence Listing Free Text

SEQ ID NO: 62

DT amino acid:
MGADDVVDSSKSFVMENFSSYHGTKPGYVDSIQKGIQKPKSGTQGNYDD
DWKGFYSTDNKYDAAGY SVDNENPLSGKAGGVVKVTYPGLTKVLALKVD
NAETIKKELGLSLTEPLMEQVGTEEFIKRFGDGASRVVLSLPFAEGSSS
VEYINNWEQAKALSVELEINFETRGKRGODAMYEYMAQACAGNRVRRSV
GSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKMSESPNKTVSEEKAK
QYLEEFHQTALEHPELSELKTVTGTNPVFAGANYAAWAVNVAQVIDSET
ADNLEKTTAALSILPGIGSVMGIADGAVHHNTEEIVAQSIALSSLMVAQ
AIPLVGELVDIGFAAYNFVESIINLFQVVHNSYNRPAY SPGHKTQPF

SEQ ID NO: 63

IL-13 nucleotide:
GGCCCTGTGCCTCCCTCTACAGCCCTCAGGGAGCTCATTGAGGAGCTGG
TCAACATCACCCAGAACCAGAAGGCTCCGCTCTGCAATGGCAGCATGGT
ATGGAGCATCAACCTGACAGCTGGCATGTACTGTGCAGCCCTGGAATCC
CTGATCAACGTGTCAGGCTGCAGTGCCATCGAGAAGACCCAGAGGATGC
TGAGCGGATTCTGCCCGCACAAGGTCTCAGCTGGGCAGTTTTCCAGCTT
GCATGTCCGAGACACCAAAATCGAGGTGGCCCAGTTTGTAAAGGACCTG
CTCTTACATTTAAAGAAACTTTTTCGCGAGGGACGGTTCAAC

SEQ ID NO: 64

IL-13 amino acid:
GPVPPSTALRELIEELVNITQNQKAPLCNGSMVWSINLTAGMYCAALES
LINVSGCSAIEKTQRMLSGFCPHKVSAGQFSSLHVRDTKIEVAQFVKDL
LLHLKKLFREGRFN

SEQ ID NO: 65

PEKDEL nucleotide:
CCCGAGGGCGGCAGCCTGGCCGCGCTGACCGCGCACCAGGCTTGCCACC
TGCCGCTGGAGACTTTCACCCGTCATCGCCAGCCGCGCGGCTGGGAACA
ACTGGAGCAGTGCGGCTATCCGGTGCAGCGGCTGGTCGCCCTCTACCTG
GCGGCGCGGCTGTCGTGGAACCAGGTCGACCAGGTGATCCGCAACGCCC
TGGCCAGCCCCGGCAGCGGCGGCGACCTGGGCGAAGCGATCCGCGAGCA
GCCGGAGCAGGCCCGTCTGGCCCTGACCCTGGCCGCCGCCGAGAGCGAG
CGCTTCGTCCGGCAGGGCACCGGCAACGACGAGGCCGGCGCGGCCAACG
CCGACGTGGTGAGCCTGACCTGCCCGGTCGCCGCCGGTGAATGCGCGGG
CCCGGCGGACAGCGGCGACGCCCTGCTGGAGCGCAACTATCCCACTGGC
GCGGAGTTCCTCGGCGACGGCGGCGACGTCAGCTTCAGCACCCGCGGCA
CGCAGAACTGGACGGTGGAGCGGCTGCTCCAGGCGCACCGCCAACTGGA
GGAGCGCGGCTATGTGTTCGTCGGCTACCACGGCACCTTCCTCGAAGCG
GCGCAAAGCATCGTCTTCGGCGGGGTGCGCGCGCGCAGCCAGGACCTCG
ACGCGATCTGGCGCGGTTTCTATATCGCCGGCGATCCGGCGCTGGCCTA
CGGCTACGCCCAGGACCAGGAACCCGACGCACGCGGCCGGATCCGCAAL
GGTGCCCTGCTGCGGGTCTATGTGCCGCGCTCGAGCCTGCCGGGCTTCT
ACCGCACCAGCCTGACCCTGGCCGCGCCGGAGGCGGCGGGCGAGGTCGA
ACGGCTGATCGGCCATCCGCTGCCGCTGCGCCTGGACGCCATCACCGGC
CCCGAGGAGGAAGGCGGGCGCCTGGAGACCATTCTCGGCTGGCCGCTGG
CCGAGCGCACCGTGGTGATTCCCTCGGCGATCCCCACCGACCCGCGCAA
CGTCGGCGGCGACCTCGACCCGTCCAGCATCCCCGACAAGGAACAGGCG
ATCAGCGCCCTGCCGGACTACGCCAGCCAGCCCGGCAAACCGCCGAAGG
ACGAGCTA

SEQ ID NO: 66

PE KDEL amino acid:
PEGGSLAALTAHQACHLPLETFTRHRQPRGWEQLEQCGYPVQRLVALYL
AARLSWNQVDQVIRNALASPGSGGDLGEAIREQPEQARLALTLAAAESE
RFVRQGTGNDEAGAANADVVSLTCPVAAGECAGPADSGDALLERNYPTG
AEFLGDGGDVSFSTRGTONWTVERLLQAHRQLEERGYVFVGYHGTFLEA
AQSIVFGGVRARSQODLDAIWRGFYIAGDPALAYGYAQDQEPDARGRIRN
GALLRVYVPRSSLPGFYRTSLTLAAPEAAGEVERLIGHPLPLRLDAITG
PEEEGGRLETILGWPLAERTVVIPSAIPTDPRNVGGDLDPSSIPDKEQA
ISALPDYASQPGKPPKDEL

SEQ ID NO: 67

Deimmunized PEKDEL nucleotide:
CCCGAGGGCGGCAGCCTGGCCGCGCTGACCGCGCACCAGGCTTGCCACC
TGCCGCTGGAGACTTTCACCCGTCATCGCCAGCCGCGCGGCTGGGAACA
ACTGGAGCAGTGCGGCTATCCGGTGCAGCGGCTGGTCGCCCTCTACCTG
GCGGCGCGGCTGTCGTGGAACCAGGTCGACCAGGTGATCGCCAACGCCC
TGGCCAGCCCCGGCAGCGGCGGCGACCTGGGCGAAGCGATCCGCGAGTC
GCCGGAGCAGGCCCGTCTGGCCCTGACCCTGGCCGCCGCCGAGAGCGAG
CGCTTCGTCCGGCAGGGCACCGGCAACGACGAGGCCGGCGCGGCCAACG
CCGACGTGGTGAGCCTGACCTGCCCGGTCGCCGCCGGTGAATGCGCGGG
CCCGGCGGACAGCGGCGACGCCCTGCTGGAGCGCAACTATCCCACTGGC
GCGGAGTTCCTCGGCGACGGCGGCGACGTCAGCTTCAGCACCCGCGGCA
CGCAGAACTGGACGGTGGAGCGGCTGCTCCAGGCGCACCGCCAACTGGA

10

15

20

25

30

35

40

45

50

55

60

o
o

Sequence Listing Free Text

GGAGGGAGGCTATGTGTTCGTCGGCTACCACGGCACCTTCCTCGAAGCG
GCGCAAAGCATCGTCTTCGGCGGGGTGCGCGCGCGCAGCCAGGACCTCG
ACGCGATCTGGGCCGGTTTCTATATCGCCGGCGATCCGGCGCTGGCCTA
CGGCTACGCCCAGGACCAGGAACCCGACGCAGCCGGCCGGATCCGCAAL
GGTGCCCTGCTGCGGGTCTATGTGCCGCGCTCGAGCCTGCCGGGCTTCT
ACGCCACCAGCCTGACCCTGGCCGCGCCGGAGGCGGCGGGCGAGGTCGA
ACGGCTGATCGGCCATCCGCTGCCGCTGCGCCTGGACGCCATCACCGGC
CCCGAGGAGTCAGGCGGGCGCCTGGAGACCATTCTCGGCTGGCCGCTGG
CCGAGCGCACCGTGGTGATTCCCTCGGCGATCCCCACCGACCCGCGCAA
CGTCGGCGGCGACCTCGACCCGTCCAGCATCCCCGACTCGGAACAGGCG
ATCAGCGCCCTGCCGGACTACGCCAGCCAGCCCGGCAAACCGCCGAAGG
ACGAGCTAGAAGCTTCCGGAGGTCCCGAG

SEQ ID NO: 68

Deimmunized PEKDEL amino acid:
PEGGSLAALTAHQACHLPLETFTRHRQPRGWEQLEQCGYPVQRLVALYL
AARLSWNQVDQVIANALASPGSGGDLGEAIRESPEQARLALTLAAAESE
REFVRQGTGNDEAGAANADVVSLTCPVAAGECAGPADSGDALLERNYPTG
AEFLGDGGDVSFSTRGTONWTVERLLQAHRQLEEGGYVFVGYHGTFLEA
AQSIVFGGVRARSQDLDAIWAGFYIAGDPALAYGYAQDQEPDAAGRIRN
GALLRVYVPRSSLPGFYATSLTLAAPEAAGEVERLIGHPLPLRLDAITG
PEESGGRLETILGWPLAERTVVIPSAIPTDPRNVGGDLDPSSIPDSEQA
ISALPDYASQPGKPPKDELEASGGPE

SEQ ID NO: 69
ARL linker:
GSTSGSGKPGSGEGSTKG
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 74
<210> SEQ ID NO 1

<211> LENGTH: 865

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 1

Met Ala Leu Val Leu Gly Ser Leu Leu Leu Leu Gly Leu Cys Gly Asn
1 5 10 15

Ser Phe Ser Gly Gly Gln Pro Ser Ser Thr Asp Ala Pro Lys Ala Trp
20 25 30

Asn Tyr Glu Leu Pro Ala Thr Asn Tyr Glu Thr Gln Asp Ser His Lys
35 40 45

Ala Gly Pro Ile Gly Ile Leu Phe Glu Leu Val His Ile Phe Leu Tyr
Val Val Gln Pro Arg Asp Phe Pro Glu Asp Thr Leu Arg Lys Phe Leu
65 70 75 80

Gln Lys Ala Tyr Glu Ser Lys Ile Asp Tyr Asp Lys Pro Glu Thr Val
85 90 95

Ile Leu Gly Leu Lys Ile Val Tyr Tyr Glu Ala Gly Ile Ile Leu Cys
100 105 110

Cys Val Leu Gly Leu Leu Phe Ile Ile Leu Met Pro Leu Val Gly Tyr
115 120 125

Phe Phe Cys Met Cys Arg Cys Cys Asn Lys Cys Gly Gly Glu Met His
130 135 140

Gln Arg Gln Lys Glu Asn Gly Pro Phe Leu Arg Lys Cys Phe Ala Ile
145 150 155 160

Ser Leu Leu Val Ile Cys Ile Ile Ile Ser Ile Gly Ile Phe Tyr Gly
165 170 175

Phe Val Ala Asn His Gln Val Arg Thr Arg Ile Lys Arg Ser Arg Lys
180 185 190

Leu Ala Asp Ser Asn Phe Lys Asp Leu Arg Thr Leu Leu Asn Glu Thr
195 200 205

Pro Glu Gln Ile Lys Tyr Ile Leu Ala Gln Tyr Asn Thr Thr Lys Asp
210 215 220

Lys Ala Phe Thr Asp Leu Asn Ser Ile Asn Ser Val Leu Gly Gly Gly
225 230 235 240

Ile Leu Asp Arg Leu Arg Pro Asn Ile Ile Pro Val Leu Asp Glu Ile
245 250 255

Lys Ser Met Ala Thr Ala Ile Lys Glu Thr Lys Glu Ala Leu Glu Asn
260 265 270

Met Asn Ser Thr Leu Lys Ser Leu His Gln Gln Ser Thr Gln Leu Ser
275 280 285

Ser Ser Leu Thr Ser Val Lys Thr Ser Leu Arg Ser Ser Leu Asn Asp
290 295 300

Pro Leu Cys Leu Val His Pro Ser Ser Glu Thr Cys Asn Ser Ile Arg
305 310 315 320

Leu Ser Leu Ser Gln Leu Asn Ser Asn Pro Glu Leu Arg Gln Leu Pro
325 330 335

Pro Val Asp Ala Glu Leu Asp Asn Val Asn Asn Val Leu Arg Thr Asp
340 345 350

Leu Asp Gly Leu Val Gln Gln Gly Tyr Gln Ser Leu Asn Asp Ile Pro
355 360 365
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Asp

385

Pro

Glu

Tyr

Arg

465

Leu

Lys

Asp

Lys

545

Ser

Asn

Ser

Leu

Gly

625

Ser

Lys

Asp

Glu

Thr

705

Asp

Glu

Tyr

Lys

Ser

Arg

370

Leu

Ile

Ser

Trp

Ile

450

His

Phe

Met

Leu

Thr

530

Leu

Asp

Ser

Ile

Leu

610

Ile

Pro

Ala

Ala

Gln

690

Gly

Phe

Glu

Leu

Pro
770

Tyr

Val

Asn

Gln

Tyr

Trp

435

Phe

Ala

Leu

Ile

Ile

515

Pro

Phe

Cys

Phe

Ser

595

Gly

Asp

Ala

Asn

Gln

675

Ser

Asn

Ala

Thr

Gln
755

Val

Ile

Gln

Ser

Asp

Ile

420

Leu

Tyr

Thr

Met

Ile

500

Cys

Tyr

Asn

Lys

Asn

580

Ser

Ala

Arg

Gly

Ser

660

Thr

Leu

Gly

Gln

Lys
740
Trp

Ala

Ile

Arg

Ile

Ile

405

His

Gly

Tyr

Pro

Val

485

Val

Glu

Leu

Lys

Lys

565

Ile

Glu

Ala

Met

Val

645

Leu

Ile

Ser

Leu

Asn

725

Lys

Ile

Thr

Asp

Gln

Gly

390

Leu

Arg

Gly

Leu

Thr

470

Gly

Val

Pro

Leu

Ser

550

Asn

Ser

Leu

Gly

Asn

630

Asn

Pro

Lys

Thr

Leu

710

Phe

Tyr

Glu

Ala

Pro

Thr

375

Ser

Ser

Asn

Leu

Gly

455

Thr

Val

Leu

Tyr

Asn

535

Lys

Arg

Glu

Glu

Arg

615

Tyr

Leu

Pro

Thr

Leu

695

Glu

Ile

Gly

Phe

Leu
775

Leu

Thr

Asp

Ala

Leu

Val

440

Leu

Arg

Gly

Thr

Thr

520

Glu

Met

Gly

His

Ser

600

Lys

Asp

Leu

Gly

Ile

680

Tyr

Arg

Thr

Arg

Ser
760

Asp

Asn

Thr

Ile

Phe

Pro

425

Ile

Leu

Gly

Leu

Phe

505

Ser

Asp

Lys

Thr

Leu

585

Leu

Asn

Ser

Ser

Asn

665

His

Gln

Val

Asn

Thr
745
Ile

Thr

Leu

Val

Asp

Ser

410

Thr

Cys

Cys

Cys

Ser

490

Val

Lys

Trp

Leu

Tyr

570

Asn

Lys

Leu

Tyr

Phe

650

Leu

Gln

Ser

Thr

Asn

730

Ile

Ser

Ala

Phe

Val

Asn

395

Val

Leu

Ser

Gly

Val

475

Phe

Phe

Glu

Glu

Thr

555

Gly

Ile

Val

Gln

Leu

635

Ala

Arg

Gln

Val

Arg

715

Thr

Ile

Glu

Val

Trp

Ala

380

Val

Tyr

Glu

Leu

Val

460

Ser

Leu

Gly

Leu

Tyr

540

Phe

Thr

Asn

Asn

Asp

620

Ala

Tyr

Asn

Arg

Lys

700

Ile

Ser

Gly

Lys

Asp

780

Phe

Gly

Thr

Val

Glu

Leu

445

Cys

Asn

Phe

Ala

Phe

525

Tyr

Glu

Leu

Glu

Leu

605

Phe

Gln

Asp

Ser

Val

685

Ile

Leu

Ser

Tyr

Val
765

Val

Gly

Ile

Gln

Asn

Tyr

430

Thr

Gly

Thr

Cys

Asn

510

Arg

Leu

Gln

His

His

590

Asn

Ala

Thr

Leu

Leu

670

Leu

Leu

Ala

Val

Phe
750
Ala

Phe

Ile

Lys

Arg

Asn

415

Asp

Leu

Tyr

Gly

Trp

495

Val

Val

Ser

Val

Leu

575

Thr

Ile

Ala

Gly

Glu

655

Lys

Pro

Gln

Ser

Ile

735

Glu

Ser

Leu

Gly

Arg

Leu

400

Thr

Ser

Ile

Asp

Gly

480

Ile

Glu

Leu

Gly

Tyr

560

Gln

Gly

Phe

Cys

Lys

640

Ala

Arg

Ile

Arg

Leu

720

Ile

His

Cys

Cys

Lys
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785 790

Ala Thr Val Phe Leu Leu Pro Ala
805

Lys Tyr Tyr Arg Arg Met Asp Ser
820

Thr Ile Pro Met Lys Asn Met Glu
835 840

Asp His Val Tyr Gly Ile His Asn
850 855

His

865

<210> SEQ ID NO 2

<211> LENGTH: 355

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Asn His Gln Val Arg Thr Arg Ile
1 5

Ser Asn Phe Lys Asp Leu Arg Thr
20

Ile Lys Tyr Ile Leu Ala Gln Tyr
35 40

Thr Asp Leu Asn Ser Ile Asn Ser
Arg Leu Arg Pro Asn Ile Ile Pro
65 70

Ala Thr Ala Ile Lys Glu Thr Lys
85

Thr Leu Lys Ser Leu His Gln Gln
100

Thr Ser Val Lys Thr Ser Leu Arg
115 120

Leu Val His Pro Ser Ser Glu Thr
130 135

Ser Gln Leu Asn Ser Asn Pro Glu
145 150

Ala Glu Leu Asp Asn Val Asn Asn
165

Leu Val Gln Gln Gly Tyr Gln Ser
180

Gln Arg Gln Thr Thr Thr Val Val
195 200

Gln Asp Phe Ala Ala Cys Gly Ile
210 215

Leu Ala Gln Thr Gly Lys Ser Pro
225 230

Ala Tyr Asp Leu Glu Ala Lys Ala
245

Arg Asn Ser Leu Lys Arg Asp Ala
260

Gln Arg Val Leu Pro Ile Glu Gln
275 280

Leu
Glu
825

Asn

Pro

Lys

Leu

25

Asn

Val

Val

Glu

Ser

105

Ser

Cys

Leu

Val

Leu

185

Ala

Asp

Ala

Asn

Gln
265

Ser

Ile
810
Asp

Gly

Val

Arg

10

Leu

Thr

Leu

Leu

Ala

90

Thr

Ser

Asn

Arg

Leu

170

Asn

Ala

Arg

Gly

Ser
250

Thr

Leu

795

Phe

Val

Asn

Met

Ser

Asn

Thr

Gly

Asp

75

Leu

Gln

Leu

Ser

Gln

155

Arg

Asp

Ala

Met

Val
235
Leu

Ile

Ser

Ala

Tyr

Asn

Thr
860

Arg

Glu

Lys

Gly

Glu

Glu

Leu

Asn

Ile

140

Leu

Thr

Ile

Gly

Asn

220

Asn

Pro

Lys

Thr

Val

Asp

Gly

845

Ser

Lys

Thr

Asp

45

Gly

Ile

Asn

Ser

Asp

125

Arg

Pro

Asp

Pro

Arg

205

Tyr

Leu

Pro

Thr

Leu
285

Lys
Asp
830

Tyr

Pro

Leu

Pro

30

Lys

Ile

Lys

Met

Ser

110

Pro

Leu

Pro

Leu

Asp

190

Lys

Asp

Leu

Gly

Ile
270

Tyr

Leu
815
Val

His

Ser

Ala

15

Glu

Ala

Leu

Ser

Asn

95

Ser

Leu

Ser

Val

Asp

175

Arg

Asn

Ser

Ser

Asn
255

His

Gln

800

Ala

Glu

Lys

Gln

Asp

Gln

Phe

Asp

Met

80

Ser

Leu

Cys

Leu

Asp

160

Gly

Val

Leu

Tyr

Phe
240
Leu

Gln

Ser
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Val Lys Ile Leu Gln Arg Thr Gly Asn Gly Leu Leu Glu Arg Val Thr
290 295 300
Arg Ile Leu Ala Ser Leu Asp Phe Ala Gln Asn Phe Ile Thr Asn Asn
305 310 315 320
Thr Ser Ser Val Ile Ile Glu Glu Thr Lys Lys Tyr Gly Arg Thr Ile
325 330 335
Ile Gly Tyr Phe Glu His Tyr Leu Gln Trp Ile Glu Phe Ser Ile Ser
340 345 350
Glu Lys Val
355
<210> SEQ ID NO 3
<211> LENGTH: 40
<212> TYPE: DNA
<213> ORGANISM: artificial
<220> FEATURE:
<223> OTHER INFORMATION: synthetic oligonucleotide primer
<400> SEQUENCE: 3
gggeccagge ggccgagete gayatccage tgactcagec 40

<210>
<211>
<212>
<213>
<220>
<223>

FEATURE:
OTHER INFORMATION:

<400> SEQUENCE:

40

SEQ ID NO 4
LENGTH:
TYPE: DNA
ORGANISM:

artificial

4

synthetic oligonucleotide primer

gggccecagge ggccgagete gayattgtte tewcccagte 40

<210>
<211>
<212>
<213>
<220>
<223>

FEATURE:
OTHER INFORMATION:

<400> SEQUENCE:

40

SEQ ID NO 5
LENGTH:
TYPE: DNA
ORGANISM:

artificial

5

synthetic oligonucleotide primer

gggcccagge ggccgagete gayattgtgm tmactcagte 40

<210>
<211>
<212>
<213>
<220>
<223>

FEATURE:
OTHER INFORMATION:

<400> SEQUENCE:

40

SEQ ID NO 6
LENGTH:
TYPE: DNA
ORGANISM:

artificial

6

synthetic oligonucleotide primer

gggcccagge ggcecgagete gayattgtgy tracacagte 40

<210>
<211>
<212>
<213>
<220>
<223>

FEATURE:
OTHER INFORMATION:

<400> SEQUENCE:

40

SEQ ID NO 7
LENGTH:
TYPE: DNA
ORGANISM:

artificial

7

synthetic oligonucleotide primer

gggccecagge ggccgagete gayattgtra tgacmcagte 40

<210> SEQ ID NO 8

<211> LENGTH:
<212> TYPE: DNA

40
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<213> ORGANISM: artificial
<220> FEATURE:
<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 8

gggcccagge ggccgagete gayattmaga tramccagte

<210> SEQ ID NO 9

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 9

gggcccagge ggccgagete gayattcaga tgaydcagte

<210> SEQ ID NO 10

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 10

gggcccagge ggccgagete gayatycaga tgacacagac

<210> SEQ ID NO 11

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 11

gggcccagge ggcecgagete gayattgtte tcawccagte

<210> SEQ ID NO 12

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 12

gggcccagge ggccgagete gayattgwge tsacccaatc

<210> SEQ ID NO 13

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 13

gggcccagge ggccgagete gayattstra tgacccarte

<210> SEQ ID NO 14

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 14

gggcccagge ggccgagete gayrttktga tgacccarac

40

40

40

40

40

40

40
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-continued

68

<210> SEQ ID NO 15

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 15

gggcccagge ggccgagete gayattgtga tgacbeagke

<210> SEQ ID NO 16

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 16

gggcccagge ggccgagete gayattgtga taacycagga

<210> SEQ ID NO 17

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 17

gggcccagge ggccgagete gayattgtga tgacccagwt

<210> SEQ ID NO 18

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 18

gggcccagge ggccgagete gayattgtga tgacacaacc

<210> SEQ ID NO 19

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 19

gggcccagge ggccgagete gayattttge tgactcagte

<210> SEQ ID NO 20

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer
<400> SEQUENCE: 20

ggaagatcta gaggaaccac ccccaccacce gcccgageca ccgecaccag aggatttkat
ttccagyttyg gteee
<210> SEQ ID NO 21

<211> LENGTH: 75
<212> TYPE: DNA

40

40

40

40

40

60

75
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<213> ORGANISM: artificial
<220> FEATURE:
<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 21
ggaagatcta gaggaaccac ccccaccacce gcccgageca ccgecaccag aggattttat

ttccaacttt gtecece

<210> SEQ ID NO 22

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 22
ggaagatcta gaggaaccac ccccaccacce gcccgageca ccgecaccag aggatttcag

ctccagettyg gteee

<210> SEQ ID NO 23

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 23

ggtggttect ctagatctte cctegaggtr magecttcagg agte

<210> SEQ ID NO 24

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 24

ggtggttect ctagatctte cctegaggtb cagctbeage agte

<210> SEQ ID NO 25

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 25

ggtggttect ctagatctte cctegaggtg cagctgaags astc

<210> SEQ ID NO 26

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 26

ggtggttect ctagatctte cctegaggte carctgcaac artc

<210> SEQ ID NO 27

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

60

75

60

75

44

44

44

44



US 9,249,225 B2
71

-continued

72

<400> SEQUENCE: 27

ggtggttect ctagatctte cctegaggty cagctbeage artc

<210> SEQ ID NO 28

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 28

ggtggttect ctagatctte cctegaggty carctgcage agte

<210> SEQ ID NO 29

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 29

ggtggttect ctagatctte cctegaggte cacgtgaage agtce

<210> SEQ ID NO 30

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 30

ggtggttect ctagatctte cctegaggtyg aasstggtgg aatc

<210> SEQ ID NO 31

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 31

ggtggttect ctagatctte cctegaggtyg awgytggtgg agte

<210> SEQ ID NO 32

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 32

ggtggttect ctagatctte cctegaggtyg cagskggtgg agte

<210> SEQ ID NO 33

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide primer

<400> SEQUENCE: 33

ggtggttect ctagatctte cctegaggtg camctggtgg agte

<210> SEQ ID NO 34

44

44

44

44

44

44

44
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<211>
<212>
<213>
<220>
<223>

<400>

LENGTH: 44

TYPE: DNA

ORGANISM: artificial

FEATURE:

OTHER INFORMATION: synthetic oligonucleotide primer

SEQUENCE: 34

ggtggttect ctagatctte cctegaggtg aagctgatgg artce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 35

LENGTH: 44

TYPE: DNA

ORGANISM: artificial

FEATURE:

OTHER INFORMATION: synthetic oligonucleotide primer

SEQUENCE: 35

ggtggttect ctagatctte cctegaggtg carcttgttg agte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 36

LENGTH: 44

TYPE: DNA

ORGANISM: artificial

FEATURE:

OTHER INFORMATION: synthetic oligonucleotide primer

SEQUENCE: 36

ggtggttect ctagatctte cctegaggtr aagctteteg agte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 37

LENGTH: 44

TYPE: DNA

ORGANISM: artificial

FEATURE:

OTHER INFORMATION: synthetic oligonucleotide primer

SEQUENCE: 37

ggtggttect ctagatctte cctegaggtg aarsttgagg agte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 38

LENGTH: 46

TYPE: DNA

ORGANISM: artificial

FEATURE:

OTHER INFORMATION: synthetic oligonucleotide primer

SEQUENCE: 38

ggtggttect ctagatctte cctegaggtt actctraaag wgtstg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 39

LENGTH: 44

TYPE: DNA

ORGANISM: artificial

FEATURE:

OTHER INFORMATION: synthetic oligonucleotide primer

SEQUENCE: 39

ggtggttect ctagatctte cctegaggte caactveage arcc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 40

LENGTH: 44

TYPE: DNA

ORGANISM: artificial

FEATURE:

OTHER INFORMATION: synthetic oligonucleotide primer

SEQUENCE: 40

44

44

44

44

46

44
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ggtggttect ctagatctte cctegaggtg aacttggaag tgte

<210> SEQ ID NO 41
<211> LENGTH: 44
<212> TYPE: DNA

<213> ORGANISM:

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 41

artificial

synthetic oligonucleotide primer

ggtggttect ctagatctte cctegaggtg aaggtcateg agte

<210> SEQ ID NO 42
<211> LENGTH: 46
<212> TYPE: DNA

<213> ORGANISM:

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 42

artificial

synthetic oligonucleotide primer

cctggecgge ctggecacta gtgacagatg gggstgtygt tttgge

<210> SEQ ID NO 43
<211> LENGTH: 41
<212> TYPE: DNA

<213> ORGANISM:

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 43

artificial

synthetic oligonucleotide primer

gaggaggagg aggaggaggc ggggcccagg cggccgaget ¢

<210> SEQ ID NO 44
<211> LENGTH: 41
<212> TYPE: DNA

<213> ORGANISM:

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 44

artificial

synthetic oligonucleotide primer

gaggaggagg aggaggagcc tggecggcect ggecactagt g

<210> SEQ ID NO 45
<211> LENGTH: 22
<212> TYPE: DNA

<213> ORGANISM:

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 45

aagacagcta tcgcgattge ag

<210> SEQ ID NO 46
<211> LENGTH: 24
<212> TYPE: DNA

<213> ORGANISM:

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 46

artificial

synthetic oligonucleotide primer

artificial

synthetic oligonucleotide primer

geccecttat tagegtttge catce

<210> SEQ ID NO 47
<211> LENGTH: 260

<212> TYPE:

PRT

44

44

46

41

41

22

24
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<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: single-chain variable-fragment (scFv) of a
monoclonal antibody clone

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(112)

<223> OTHER INFORMATION: variable region of the light chain

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (113)..(130)

<223> OTHER INFORMATION: linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (131)..(260)

<223> OTHER INFORMATION: variable region of the heavy chain

<400> SEQUENCE: 47

Ala Gln Ala Ala Glu Leu Asp Ile Val Leu Thr Gln Ser Pro Ala Ile
1 5 10 15

Met Ser Ala Ser Pro Gly Glu Lys Val Thr Ile Ser Cys Ser Ala Ser
20 25 30

Ser Ser Val Gly Tyr Met Tyr Trp Tyr Gln Gln Lys Pro Gly Ser Ser
35 40 45

Pro Lys Pro Trp Ile Tyr Arg Pro Ser Asn Leu Ala Ser Gly Val Pro
50 55 60

Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile
65 70 75 80

Ser Ser Met Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Tyr
85 90 95

His Ser Tyr Pro Pro Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys
100 105 110

Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Gly Gly Ser Ser Arg
115 120 125

Ser Ser Leu Glu Val Lys Leu Val Glu Ser Gly Pro Glu Leu Lys Lys
130 135 140

Pro Gly Glu Thr Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe
145 150 155 160

Thr Asp Tyr Ser Met His Trp Val Asn Gln Ala Pro Gly Lys Gly Leu
165 170 175

Lys Trp Met Gly Trp Ile Asn Thr Glu Thr Gly Glu Pro Ser Tyr Ala
180 185 190

Asp Asp Phe Lys Gly Arg Phe Ala Phe Ser Leu Glu Thr Ser Ala Ser
195 200 205

Thr Ala Tyr Leu Gln Ile Asn Asn Leu Lys Asn Glu Asp Thr Ala Thr
210 215 220

Tyr Phe Cys Ala Thr Asp Tyr Gly Asp Tyr Phe Asp Tyr Trp Gly Gln
225 230 235 240

Gly Thr Thr Leu Thr Val Ser Ser Ala Lys Thr Thr Pro Pro Ser Val
245 250 255

Thr Ser Gly Gln
260

<210> SEQ ID NO 48

<211> LENGTH: 263

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: single-chain variable-fragment (scFv) of a
monoclonal antibody clone

<220> FEATURE:
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<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(112)

<223> OTHER INFORMATION: variable region of the light chain
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (113)..(130)

<223> OTHER INFORMATION: linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (131)..(263)

<223> OTHER INFORMATION: variable region of the heavy chain

<400> SEQUENCE: 48

Ala Gln Ala Ala Glu Leu Asp Ile Val Leu Thr Gln Ser Pro Ala Ile
1 5 10 15

Met Ser Ala Ser Pro Gly Glu Lys Val Thr Ile Ser Cys Ser Ala Ser
20 25 30

Ser Ser Val Ser Tyr Met Tyr Trp Tyr Gln Gln Lys Pro Gly Ser Ser
35 40 45

Pro Lys Pro Trp Ile Tyr Arg Thr Ser Asn Leu Ala Ser Gly Val Pro
50 55 60

Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile
65 70 75 80

Ser Ser Met Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Tyr
85 90 95

His Ser Tyr Pro Pro Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys
100 105 110

Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Gly Gly Ser Ser Arg
115 120 125

Ser Ser Leu Glu Val Lys Leu Val Glu Ser Gly Pro Glu Leu Lys Lys
130 135 140

Pro Gly Glu Thr Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe
145 150 155 160

Thr Asp Tyr Ser Met His Trp Val Asn Gln Ala Pro Gly Lys Gly Leu
165 170 175

Lys Trp Met Gly Trp Ile Asn Thr Glu Thr Gly Glu Pro Ser Tyr Ala
180 185 190

Asp Asp Phe Lys Gly Arg Phe Ala Phe Ser Leu Glu Thr Ser Ala Ser
195 200 205

Thr Ala Tyr Leu Gln Ile Asn Asn Leu Lys Asn Glu Asp Thr Ala Thr
210 215 220

Tyr Phe Cys Ala Thr Asp Tyr Gly Asp Tyr Phe Asp Tyr Trp Gly Gln
225 230 235 240

Gly Thr Thr Leu Thr Val Ser Ser Ala Lys Thr Thr Pro Pro Ser Val
245 250 255

Thr Ser Gly Gln Ala Gly Gln
260

<210> SEQ ID NO 49

<211> LENGTH: 263

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: single-chain variable-fragment (scFv) of a
monoclonal antibody clone

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(112)

<223> OTHER INFORMATION: variable region of the light chain

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
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<222> LOCATION: (113)..(130)

<223> OTHER INFORMATION: linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (131)..(263)

<223> OTHER INFORMATION: variable region of the heavy chain

<400> SEQUENCE: 49

Ala Gln Ala Ala Glu Leu Asp Ile Val Leu Thr Gln Ser Pro Ala Ile
1 5 10 15

Met Ser Ala Ser Pro Gly Glu Lys Val Thr Ile Ser Cys Ser Ala Ser
20 25 30

Ser Ser Val Ser Tyr Met Tyr Trp Tyr Gln Gln Lys Pro Gly Ser Ser
35 40 45

Pro Lys Pro Trp Ile Tyr Arg Pro Ser Asn Leu Ala Ser Gly Val Pro
50 55 60

Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile
65 70 75 80

Ser Ser Met Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Tyr
85 90 95

His Ser Tyr Pro Pro Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys
100 105 110

Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Gly Gly Ser Ser Arg
115 120 125

Ser Ser Pro Glu Val Met Leu Val Glu Ser Gly Pro Glu Leu Lys Lys
130 135 140

Pro Gly Glu Thr Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe
145 150 155 160

Thr Asp Tyr Ser Met His Trp Val Asn Gln Ala Pro Gly Lys Gly Leu
165 170 175

Lys Trp Met Gly Trp Ile Asn Thr Glu Thr Gly Glu Pro Ser Tyr Ala
180 185 190

Asp Asp Phe Lys Gly Arg Phe Ala Phe Ser Leu Glu Thr Ser Ala Ser
195 200 205

Thr Ala Tyr Leu Gln Ile Asn Asn Leu Lys Asn Glu Asp Thr Ala Thr
210 215 220

Tyr Phe Cys Ala Thr Asp Tyr Gly Asp Tyr Phe Asp Tyr Trp Gly Gln
225 230 235 240

Gly Thr Thr Leu Thr Val Ser Ser Ala Lys Thr Thr Pro Pro Ser Val
245 250 255

Thr Ser Gly Gln Ala Gly Gln
260

<210> SEQ ID NO 50

<211> LENGTH: 263

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: single-chain variable-fragment (scFv) of a
monoclonal antibody clone

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(112)

<223> OTHER INFORMATION: variable region of the light chain

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (113)..(130)

<223> OTHER INFORMATION: linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (131)..(263)
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<223> OTHER INFORMATION: variable region of the heavy chain
<400> SEQUENCE: 50

Ala Gln Ala Ala Glu Leu Asp Ile Val Leu Thr Gln Ser Pro Ala Ile
1 5 10 15

Met Ser Ala Ser Pro Gly Glu Lys Val Thr Ile Ser Cys Ser Ala Ser
20 25 30

Ser Ser Val Ser Tyr Met Tyr Trp Tyr Gln Gln Lys Pro Gly Gln Pro
35 40 45

Pro Arg Leu Leu Ile Tyr Leu Val Ser Asn Leu Glu Ser Gly Val Pro

Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Asn Ile
65 70 75 80

His Pro Val Glu Glu Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Tyr
85 90 95

His Ser Tyr Pro Pro Thr Phe Gly Ala Gly Thr Lys Leu Glu Ile Lys
100 105 110

Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Gly Gly Ser Ser Arg
115 120 125

Ser Ser Leu Glu Val Lys Leu Val Glu Ser Gly Pro Glu Leu Lys Lys
130 135 140

Pro Gly Glu Thr Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe
145 150 155 160

Thr Asp Tyr Ser Met His Trp Val Asn Gln Ala Pro Gly Lys Gly Leu
165 170 175

Lys Trp Met Gly Trp Ile Asn Thr Glu Thr Gly Glu Pro Ser Tyr Ala
180 185 190

Asp Asp Phe Lys Gly Arg Phe Ala Phe Ser Leu Glu Thr Ser Ala Ser
195 200 205

Thr Ala Tyr Leu Gln Ile Asn Asn Leu Lys Asn Glu Asp Thr Ala Thr
210 215 220

Tyr Phe Cys Ala Thr Asp Tyr Gly Asp Tyr Phe Asp Tyr Trp Gly Gln
225 230 235 240

Gly Thr Thr Leu Thr Val Ser Ser Ala Lys Thr Thr Pro Pro Ser Val
245 250 255

Thr Ser Gly Gln Ala Gly Gln
260

<210> SEQ ID NO 51

<211> LENGTH: 263

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: single-chain variable-fragment (scFv) of a
monoclonal antibody clone

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(112)

<223> OTHER INFORMATION: variable region of the light chain

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (113)..(130)

<223> OTHER INFORMATION: linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (131)..(263)

<223> OTHER INFORMATION: variable region of the heavy chain

<400> SEQUENCE: 51

Ala Gln Ala Ala Glu Leu Asp Ile Val Leu Thr Gln Ser Pro Ala Ile
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1 5 10 15

Met Ser Ala Ser Pro Gly Glu Lys Val Thr Ile Ser Cys Ser Ala Ser
20 25 30

Ser Ser Val Ser Tyr Met Tyr Trp Tyr Gln Gln Lys Pro Gly Ser Ser
35 40 45

Pro Lys Pro Trp Ile Tyr Arg Pro Ser Asn Leu Ala Ser Gly Val Pro
50 55 60

Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile
65 70 75 80

Ser Ser Met Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Tyr
85 90 95

His Ser Tyr Pro Pro Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys
100 105 110

Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Gly Gly Ser Ser Arg
115 120 125

Ser Ser Leu Glu Val His Leu Val Glu Ser Gly Pro Glu Leu Lys Lys
130 135 140

Pro Gly Glu Thr Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe
145 150 155 160

Thr Asp Tyr Ser Met His Trp Val Asn Gln Ala Pro Gly Lys Gly Leu
165 170 175

Lys Trp Met Gly Trp Ile Asn Thr Glu Thr Gly Glu Pro Ser Tyr Ala
180 185 190

Asp Asp Phe Lys Gly Arg Phe Ala Phe Ser Leu Glu Thr Ser Ala Ser
195 200 205

Thr Ala Tyr Leu Gln Ile Asn Asn Leu Lys Asn Glu Asp Thr Ala Thr
210 215 220

Tyr Phe Cys Ala Thr Asp Tyr Gly Asp Tyr Phe Asp Tyr Trp Gly Gln
225 230 235 240

Gly Thr Thr Leu Thr Val Ser Ser Ala Lys Thr Thr Pro Pro Ser Val
245 250 255

Thr Ser Gly Gln Ala Gly Gln
260

<210> SEQ ID NO 52

<211> LENGTH: 263

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: single-chain variable-fragment (scFv) of a
monoclonal antibody clone

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(112)

<223> OTHER INFORMATION: variable region of the light chain

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (113)..(130)

<223> OTHER INFORMATION: linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (131)..(263)

<223> OTHER INFORMATION: variable region of the heavy chain

<400> SEQUENCE: 52

Ala Gln Ala Ala Glu Leu Asp Ile Val Leu Ser Gln Ser Pro Ala Ile
1 5 10 15

Met Ser Ala Ser Pro Gly Glu Lys Val Thr Ile Ser Cys Ser Ala Ser
20 25 30
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Ser Ser Val Ser Tyr Met Tyr Trp Tyr Gln Gln Lys Pro Gly Ser Pro
35 40 45

Pro Lys Pro Trp Ile Tyr Arg Thr Ser Asn Leu Ala Ser Gly Val Pro
50 55 60

Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile
65 70 75 80

Ser Ser Met Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Tyr
85 90 95

His Ser Tyr Pro Pro Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys
100 105 110

Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Gly Gly Ser Ser Arg
115 120 125

Ser Ser Leu Glu Val Lys Leu Val Glu Ser Gly Pro Glu Leu Lys Lys
130 135 140

Pro Gly Glu Thr Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe
145 150 155 160

Thr Asp Tyr Ser Met His Trp Val Asn Gln Ala Pro Gly Lys Gly Leu
165 170 175

Lys Trp Met Gly Trp Ile Asn Thr Glu Thr Gly Glu Pro Ser Tyr Ala
180 185 190

Asp Asp Phe Lys Gly Arg Phe Ala Phe Ser Leu Glu Thr Ser Ala Ser
195 200 205

Thr Ala Tyr Leu Gln Ile Asn Asn Leu Lys Asn Glu Asp Thr Ala Thr
210 215 220

Tyr Phe Cys Ala Thr Asp Cys Gly Asp Tyr Phe Asp Tyr Trp Gly Gln
225 230 235 240

Gly Thr Thr Leu Thr Val Ser Ser Ala Lys Thr Thr Pro Pro Ser Val
245 250 255

Thr Ser Gly Gln Ala Gly Gln
260

<210> SEQ ID NO 53

<211> LENGTH: 263

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: single-chain variable-fragment (scFv) of a
monoclonal antibody clone

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(112)

<223> OTHER INFORMATION: variable region of the light chain

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (113)..(130)

<223> OTHER INFORMATION: linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (131)..(263)

<223> OTHER INFORMATION: variable region of the heavy chain

<400> SEQUENCE: 53

Ala Gln Ala Ala Glu Leu Asp Ile Val Leu Ser Gln Ser Pro Ala Ile
1 5 10 15

Met Ser Ala Ser Pro Gly Glu Lys Val Thr Ile Ser Cys Ser Ala Ser
20 25 30

Ser Ser Val Ser Tyr Met Tyr Trp Tyr Gln Gln Lys Pro Gly Ser Ser
35 40 45

Pro Lys Pro Trp Ile Tyr Arg Thr Ser Asn Leu Ala Ser Gly Val Pro
50 55 60
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Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile
65 70 75 80

Ser Ser Met Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Tyr
85 90 95

His Ser Tyr Pro Pro Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys
100 105 110

Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Gly Gly Ser Ser Arg
115 120 125

Ser Ser Leu Glu Val Lys Leu Val Glu Ser Gly Pro Glu Leu Lys Lys
130 135 140

Pro Gly Glu Thr Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe
145 150 155 160

Thr Asp Tyr Ser Met His Trp Val Asn Gln Ala Pro Gly Lys Gly Leu
165 170 175

Lys Trp Met Gly Trp Ile Asn Thr Glu Thr Gly Glu Pro Ser Tyr Ala
180 185 190

Asp Asp Phe Lys Gly Arg Phe Ala Phe Ser Leu Glu Thr Ser Ala Ser
195 200 205

Thr Ala Tyr Leu Gln Ile Asn Asn Leu Lys Asn Glu Asp Thr Ala Thr
210 215 220

Tyr Phe Cys Ala Thr Asp Tyr Gly Asp Tyr Phe Asp Tyr Trp Gly Gln
225 230 235 240

Gly Thr Thr Leu Thr Val Ser Ser Ala Lys Thr Thr Pro Pro Ser Val
245 250 255

Thr Ser Gly Gln Ala Gly Gln
260

<210> SEQ ID NO 54

<211> LENGTH: 263

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: single-chain variable-fragment (scFv) of a
monoclonal antibody clone

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(112)

<223> OTHER INFORMATION: variable region of the light chain

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (113)..(130)

<223> OTHER INFORMATION: linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (131)..(263)

<223> OTHER INFORMATION: variable region of the heavy chain

<400> SEQUENCE: 54

Ala Gln Ala Ala Glu Leu Asp Ile Val Leu Thr Gln Ser Pro Ala Ile
1 5 10 15

Met Ser Ala Ser Pro Gly Glu Lys Val Thr Ile Ser Cys Ser Ala Ser
20 25 30

Ser Ser Val Ser Tyr Met Tyr Trp Tyr Gln Gln Lys Pro Gly Ser Ser
35 40 45

Pro Lys Pro Trp Ile Tyr Arg Pro Ser Asn Leu Ala Ser Gly Val Pro
50 55 60

Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile
65 70 75 80

Ser Ser Met Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Tyr
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85 90 95

His Ser Tyr Pro Pro Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys
100 105 110

Ser Ser Gly Asp Gly Gly Ser Gly Gly Gly Gly Gly Gly Ser Ser Arg
115 120 125

Ser Ser Leu Glu Val Lys Leu Val Glu Ser Gly Pro Glu Leu Lys Lys
130 135 140

Pro Gly Glu Thr Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe
145 150 155 160

Thr Asp Tyr Ser Met His Trp Val Asn Gln Ala Pro Gly Lys Gly Leu
165 170 175

Lys Trp Met Gly Trp Ile Asn Thr Glu Thr Gly Glu Pro Ser Tyr Ala
180 185 190

Asp Asp Phe Lys Gly Arg Phe Ala Phe Ser Leu Glu Thr Ser Ala Ser
195 200 205

Thr Ala Tyr Leu Gln Ile Asn Asn Leu Lys Asn Glu Asp Thr Ala Thr
210 215 220

Tyr Phe Cys Ala Thr Asp Tyr Gly Asp Tyr Phe Asp Tyr Trp Gly Gln
225 230 235 240

Gly Thr Thr Leu Thr Val Ser Ser Ala Lys Thr Thr Ala Pro Ser Val
245 250 255

Thr Ser Gly Gln Ala Gly Gln
260

<210> SEQ ID NO 55

<211> LENGTH: 263

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: single-chain variable-fragment (scFv) of a
monoclonal antibody clone

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(112)

<223> OTHER INFORMATION: variable region of the light chain

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (113)..(130)

<223> OTHER INFORMATION: linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (131)..(263)

<223> OTHER INFORMATION: variable region of the heavy chain

<400> SEQUENCE: 55

Ala Gln Ala Ala Glu Leu Asp Ile Val Leu Thr Gln Ser Pro Ala Ile
1 5 10 15

Met Ser Ala Ser Pro Gly Glu Lys Val Thr Ile Ser Cys Ser Ala Ser
20 25 30

Ser Ser Val Ser Tyr Met Tyr Trp Tyr Gln Gln Lys Pro Gly Ser Ser
35 40 45

Pro Lys Pro Trp Ile Tyr Arg Pro Ser Asn Leu Ala Ser Gly Val Pro
50 55 60

Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile
65 70 75 80

Ser Ser Met Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Tyr
85 90 95

His Ser Tyr Pro Pro Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys
100 105 110
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Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Gly Gly Ser Ser Arg

115 120 125

Ser Ser Leu Glu Val Gln Leu Val Glu Ser Gly Pro Glu Leu Lys Lys
130 135 140

Pro Gly Glu Thr Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe

145

150 155 160

Thr Asp Tyr Ser Met His Trp Val Asn Gln Ala Pro Gly Lys Gly Leu

165 170 175

Lys Trp Met Gly Trp Ile Asn Thr Glu Thr Gly Glu Pro Ser Tyr Ala

180 185 190

Asp Asp Phe Lys Gly Arg Phe Ala Phe Ser Leu Glu Thr Ser Ala Ser

195 200 205

Thr Ala Tyr Leu Gln Ile Asn Asn Leu Lys Asn Glu Asp Thr Ala Thr
210 215 220

Tyr Phe Cys Ala Thr Asp Tyr Gly Asp Tyr Phe Asp Tyr Trp Gly Gln

225

230 235 240

Gly Thr Thr Leu Thr Val Ser Ser Ala Lys Thr Thr Ala Pro Ser Val

245 250 255

Thr Ser Gly Gln Ala Gly Gln

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>

<400>

260

SEQ ID NO 56

LENGTH: 846

TYPE: DNA

ORGANISM: artificial

FEATURE:

OTHER INFORMATION: single-chain variable-fragment (scFv)
monoclonal antibody clone

FEATURE:

NAME/KEY: misc_feature
LOCATION: (1)..(13)

OTHER INFORMATION: Sfil restriction site
FEATURE:

NAME/KEY: misc_feature
LOCATION: (337)..(390)
OTHER INFORMATION: linker
FEATURE:

NAME/KEY: misc_feature
LOCATION: (775)..(787)
OTHER INFORMATION: Sfil restriction site
FEATURE:

NAME/KEY: misc_feature
LOCATION: (790)..(807)
OTHER INFORMATION: 6HIS tag
FEATURE:

NAME/KEY: misc_feature
LOCATION: (814) .. (843)
OTHER INFORMATION: HA tag
FEATURE:

NAME/KEY: terminator
LOCATION: (844)..(846)

SEQUENCE: 56

ggcccaggeyg gcecgageteg acattgttet cteccagtet ccagcaatca tgtcetgea

tccaggggag aaggtcacca tatcctgeag tgecagetca agtgtaagtt atatgtac

gtaccagcag aaccaggatc ctcccccaaa ccctggattt atcgcacatce caacctgg

tctggagtee ctgctegett cagtggcagt gggtetggga cetettacte tctcacaa

agcagcatgg aggctgaaga tgctgecact tattactgec agcagtatca tagttace

cccacgtteg gtgctgggac caagetggag ctgaaatcet ctggtggegyg tggetegg

ggtggtgggyg gtggttecte tagatcttee ctcegaggtga agetggtgga gtetggac

gagctgaaga agcctggaga gacagtcaag atctcctgea aggettetgg ttatacct

of

tec

tg

ct

tec

ca

gc

ct

tc

a

60

120

180

240

300

360

420

480
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acagactatt
tggataaaca
ttctetttyg
gacacggcta
ggcaccactce
geeggecage
tettag
<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGAN
<220> FEATU

<223> OTHER INFORMATION:

<400> SEQUE:
atggacattg
accatatcct
ggatcctece
cgctteagty
gaagatgctyg
gggaccaagce
tcctectagat
ggagagacag
cactgggtga
actggtgage
tctgecagea
ttctgtgeta
gtctectea
<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGAN
<220> FEATU

<223> OTHER INFORMATION:

<400> SEQUE:

Met Asp Ile
1

Gly Glu Lys
Met Tyr Trp
35

Tyr Arg Thr
50

Ser Gly Ser
65

Glu Asp Ala

caatgcactg

ctgagactgg

aaacctectge

catatttctg

tcacagtcte

accatcacca

D NO 57
H: 729
DNA

ggtgaatcag
tgagccatca
cagcactgec
tgctaccgat
ctcagccaaa

tcaccatgge

ISM: artificial

RE:

NCE: 57

ttctctecca

gcagtgccag

ccaaacccetyg

gcagtgggtc

ccacttatta

tggagctgaa

ctteectega

tcaagatctce

atcaggctce

catcatatge

ctgectattt

ccgattacgg

D NO 58
H: 243
PRT

gtctccagcea

ctcaagtgta

gatttatcge

tgggacctct

ctgccageag

atcctetggt

ggtgaagctg

ctgcaaggcet

aggaaagggt

agatgacttc

gcagatcaac

ggactacttt

ISM: artificial

RE:

NCE: 58

Val Leu Ser Gln Ser

5

Val Thr Ile Ser Cys

20

Tyr Gln Gln Lys Pro

40

Ser Asn Leu Ala Ser

55

Gly Thr Ser Tyr Ser

70

Ala Thr Tyr Tyr Cys

85

gcteccaggaa agggtttaaa

tatgcagatyg acttcaaggg

tatttgcaga tcaacaacct

tacggggact actttgacta

acgacaccce catctgtcac

gcataccegt acgacgttece

atcatgtctg

agttatatgt

acatccaacc

tactctctca

tatcatagtt

ggeggtgget

gtggagtctg

tctggttata

ttaaagtgga

aagggacggt

aacctcaaaa

gactactggyg

Pro

Ser

25

Gly

Gly

Leu

Gln

Ala
10

Ala

Ser

Val

Thr

Gln
90

scFv polypeptide

Ile

Ser

Ser

Pro

Ile

75

Tyr

catcteccagyg
actggtacca
tggcttetygy
caatcagcag
acccacccac
cgggeggtgg
gacctgaget
ccttcacaga
tgggetggat
ttgecttete
atgaggacac

gccaaggceac

Met Ser Ala

Ser Ser Val
30

Pro Lys Pro
45

Ala Arg Phe
60

Ser Ser Met

His Ser Tyr

gtggatgggce

acggtttgee

caaaaatgag

ctggggccaa

tagtggccag

ggactacgcet

scFv polypeptide encoding sequence

ggagaaggte
gcagaagcca
agtccetget
catggaggcet
gtteggtget
tgggggtggt
gaagaagcct
ctattcaatg
aaacactgag
tttggaaacc
ggctacatat

cactctcaca

Ser Pro
15

Ser Tyr

Trp Ile

Ser Gly

Glu Ala

80

Pro Pro
95

540

600

660

720

780

840

846

60

120

180

240

300

360

420

480

540

600

660

720

729
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Thr Phe Gly Ala Gly Thr Lys Leu
100

Gly Ser Gly Gly Gly Gly Gly Gly
115 120

Lys Leu Val Glu Ser Gly Pro Glu
130 135

Lys Ile Ser Cys Lys Ala Ser Gly
145 150

His Trp Val Asn Gln Ala Pro Gly
165

Ile Asn Thr Glu Thr Gly Glu Pro
180

Arg Phe Ala Phe Ser Leu Glu Thr
195 200

Ile Asn Asn Leu Lys Asn Glu Asp
210 215

Asp Tyr Gly Asp Tyr Phe Asp Tyr
225 230

Val Ser Ser

<210> SEQ ID NO 59
<211> LENGTH: 159
<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 59

aacagcgaca gcgaatgtee getgagecac gacggttact gtctgecacga cggtgtttgt

atgtacatcg aagctctaga caaatacgct tgtaactgtg ttgttggtta catcggtgaa

Glu

105

Ser

Leu

Tyr

Lys

Ser

185

Ser

Thr

Trp

Leu Lys

Ser Arg

Lys Lys

Thr Phe

155

Gly Leu

170

Tyr Ala

Ala Ser

Ala Thr

Gly Gln
235

cgctgtcagt accgegacct gaaatggtgg gaactgege

<210> SEQ ID NO 60

<211> LENGTH: 53

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 60

Ser

Ser

Pro

140

Thr

Lys

Asp

Thr

Tyr

220

Gly

Ser

Ser

125

Gly

Asp

Trp

Asp

Ala

205

Phe

Thr

Gly

110

Leu

Glu

Tyr

Met

Phe

190

Tyr

Cys

Thr

Gly

Glu

Thr

Ser

Gly

175

Lys

Leu

Ala

Leu

Gly

Val

Val

Met

160

Trp

Gly

Gln

Thr

Thr
240

Asn Ser Asp Ser Glu Cys Pro Leu Ser His Asp Gly Tyr Cys Leu His

1 5

10

15

Asp Gly Val Cys Met Tyr Ile Glu Ala Leu Asp Lys Tyr Ala Cys Asn

20

25

30

Cys Val Val Gly Tyr Ile Gly Glu Arg Cys Gln Tyr Arg Asp Leu Lys

35 40

Trp Trp Glu Leu Arg
50

<210> SEQ ID NO 61

<211> LENGTH: 1170

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 61

atgggcgetyg atgatgttgt tgattettet
taccacggga ctaaacctgg ttatgtagat

tctggtacac aaggaaatta tgacgatgat

tacgacgetyg cgggatacte tgtagataat

aaatcttttyg

tccattcaaa

tggaaagggt

gaaaacccge

45

tgatggaaaa

aaggtataca

tttatagtac

tctetggaaa

cttttetteg

aaagccaaaa

cgacaataaa

agctggaggc

60

120

159

60

120

180

240
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-continued
gtggtcaaag tgacgtatcc aggactgacg aaggttctceg cactaaaagt ggataatgec 300
gaaactatta agaaagagtt aggtttaagt ctcactgaac cgttgatgga gcaagtcgga 360
acggaagagt ttatcaaaag gttcggtgat ggtgcttege gtgtagtget cagecttcce 420
ttegetgagg ggagttctag cgttgaatat attaataact gggaacaggce gaaagcegtta 480
agcgtagaac ttgagattaa ttttgaaacc cgtggaaaac gtggccaaga tgcgatgtat 540
gagtatatgyg ctcaagcctg tgcaggaaat cgtgtcaggce gatcagtagg tagctcattg 600
tcatgcataa atcttgattg ggatgtcata agggataaaa ctaagacaaa gatagagtct 660
ttgaaagagc atggccctat caaaaataaa atgagcgaaa gtcccaataa aacagtatct 720
gaggaaaaag ctaaacaata cctagaagaa tttcatcaaa cggcattaga gcatcctgaa 780
ttgtcagaac ttaaaaccgt tactgggacc aatcctgtat tegetgggge taactatgeg 840
gegtgggcayg taaacgttge gcaagttatc gatagcgaaa cagctgataa tttggaaaag 900
acaactgctg ctctttecgat acttcctggt atcggtageg taatgggcat tgcagacggt 960
gccgttcace acaatacaga agagatagtg gcacaatcaa tagctttatc gtctttaatg 1020
gttgctcaag ctattccatt ggtaggagag ctagttgata ttggtttcgce tgcatataat 1080
tttgtagaga gtattatcaa tttatttcaa gtagttcata attcgtataa tcgtcccgeg 1140
tattcteccgg ggcataaaac gcaaccattt 1170

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 62
H: 390
PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 62

Met Gly Ala
1

Asn Phe Ser

Gln Lys Gly

Asp Asp Trp

50

Gly Tyr Ser
65

Val Val Lys

Val Asp Asn

Glu Pro Leu
115

Gly Asp Gly
130

Ser Ser Ser
145

Ser Val Glu

Asp Ala Met

Arg Arg Ser
195

Asp Asp Val Val Asp

Ser Tyr His Gly Thr

20

Ile Gln Lys Pro Lys

40

Lys Gly Phe Tyr Ser

55

Val Asp Asn Glu Asn

70

Val Thr Tyr Pro Gly

85

Ala Glu Thr Ile Lys

100

Met Glu Gln Val Gly

120

Ala Ser Arg Val Val

135

Val Glu Tyr Ile Asn
150

Leu Glu Ile Asn Phe

165

Tyr Glu Tyr Met Ala

180

Val Gly Ser Ser Leu

200

Ser

Lys

25

Ser

Thr

Pro

Leu

Lys

105

Thr

Leu

Asn

Glu

Gln

185

Ser

Ser

10

Pro

Gly

Asp

Leu

Thr

90

Glu

Glu

Ser

Trp

Thr

170

Ala

Cys

Lys

Gly

Thr

Asn

Ser

75

Lys

Leu

Glu

Leu

Glu
155
Arg

Cys

Ile

Ser Phe Val
Tyr Val Asp

30
Gln Gly Asn
Lys Tyr Asp
60

Gly Lys Ala

Val Leu Ala

Gly Leu Ser
110

Phe Ile Lys
125

Pro Phe Ala
140

Gln Ala Lys

Gly Lys Arg

Ala Gly Asn
190

Asn Leu Asp
205

Met Glu
15

Ser Ile

Tyr Asp

Ala Ala

Gly Gly
80

Leu Lys
95

Leu Thr

Arg Phe

Glu Gly

Ala Leu
160

Gly Gln
175

Arg Val

Trp Asp
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Val Ile Arg
210

Gly Pro Ile
225

Glu Glu Lys

Glu His Pro

Val Phe Ala

275

Val Ile Asp
290

Leu Ser Ile
305

Ala Val His

Ser Ser Leu

Asp Ile Gly

355

Phe Gln Val
370

His Lys Thr
385

<210> SEQ I
<211> LENGT.
<212> TYPE:

Asp Lys Thr Lys Thr

215

Lys Asn Lys Met Ser
230

Ala Lys Gln Tyr Leu

245

Glu Leu Ser Glu Leu

260

Gly Ala Asn Tyr Ala

280

Ser Glu Thr Ala Asp

295

Leu Pro Gly Ile Gly
310

His Asn Thr Glu Glu

325

Met Val Ala Gln Ala

340

Phe Ala Ala Tyr Asn

360

Val His Asn Ser Tyr

375

Gln Pro Phe
390

D NO 63
H: 336
DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 63

ggcectgtge
cagaaccaga
ggcatgtact
aagacccaga
agcttgecatg
catttaaaga
<210> SEQ I

<211> LENGT.
<212> TYPE:

ctcectctac

aggcteeget

gtgcagcect

ggatgctgag

tccgagacac

aacttttteg

D NO 64

H: 112
PRT

agccctcagyg

ctgcaatgge

ggaatcccty

cggattetge

caaaatcgag

c¢gagggacgyg

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 64

Gly Pro Val
1

Val Asn Ile
Val Trp Ser
35

Ser Leu Ile
50

Met Leu Ser
65

Pro Pro Ser Thr Ala

Thr Gln Asn Gln Lys

20

Ile Asn Leu Thr Ala

40

Asn Val Ser Gly Cys

55

Gly Phe Cys Pro His

70

Lys

Glu

Glu

Lys

265

Ala

Asn

Ser

Ile

Ile

345

Phe

Asn

Ile

Ser

Glu

250

Thr

Trp

Leu

Val

Val

330

Pro

Val

Arg

Glu

Pro

235

Phe

Val

Ala

Glu

Met

315

Ala

Leu

Glu

Pro

gagctcattyg

agcatggtat

atcaacgtgt

ccgcacaagg

gtggcccagt

ttcaac

Leu

Ala

25

Gly

Ser

Lys

Arg

10

Pro

Met

Ala

Val

Glu

Leu

Tyr

Ile

Ser
75

Ser Leu Lys
220

Asn Lys Thr

His Gln Thr

Thr Gly Thr

270

Val Asn Val
285

Lys Thr Thr
300

Gly Ile Ala

Gln Ser Ile

Val Gly Glu

350

Ser Ile Ile
365

Ala Tyr Ser
380

aggagctggt
ggagcatcaa
caggctgeag
tctecagetygy

ttgtaaagga

Leu Ile Glu
Cys Asn Gly
30

Cys Ala Ala
45

Glu Lys Thr
60

Ala Gly Gln

Glu His
Val Ser
240

Ala Leu
255

Asn Pro

Ala Gln

Ala Ala

Asp Gly
320

Ala Leu
335

Leu Val

Asn Leu

Pro Gly

caacatcacc
cctgacaget
tgccatcgag
gecagttttce

cctgetetta

Glu Leu

15

Ser Met

Leu Glu

Gln Arg

Phe Ser
80

60

120

180

240

300

336
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103 104

-continued

Ser Leu His Val Arg Asp Thr Lys Ile Glu Val Ala Gln Phe Val Lys
85 90 95

Asp Leu Leu Leu His Leu Lys Lys Leu Phe Arg Glu Gly Arg Phe Asn
100 105 110

<210> SEQ ID NO 65

<211> LENGTH: 1086

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 65

ccegagggeyg gcagectgge cgegetgace gegeaccagg cttgccacct gecgetggag 60
actttcacce gtcategeca gecgegegge tgggaacaac tggageagtg cggctatceg 120
gtgcagegge tggtegecct ctacctggeyg gegeggetgt cgtggaacca ggtcgaccag 180
gtgatcegeca acgcectgge cageccegge agceggeggeg acctgggega agegatceege 240
gagcagceegg agcaggceceg tetggecctyg accctggeeg cegecgagayg cgagegette 300

gtceggecagg gcaccggcaa cgacgaggece ggcegceggeca acgecgacgt ggtgagectg 360

acctgecegyg tegeegeegg tgaatgegeg ggeceggegg acageggega cgecctgetg 420
gagcgcaact atcccactgg cgcggagtte cteggcegacg geggegacgt cagettcage 480
acccgeggea cgcagaactg gacggtggag cggctgetece aggegcaccg ccaactggag 540
gagcgegget atgtgttegt cggctaccac ggcaccttee tcegaagegge gcaaageatc 600
gtctteggeyg gggtgegege gegcagecag gacctegacg cgatctggeg cggtttetat 660
atcgeceggeg atccggeget ggectacgge tacgeccagg accaggaace cgacgcacgce 720
ggceggatcee gcaacggtge cctgetgegyg gtetatgtge cgegetegag cctgecggge 780
ttctaccgca ccagectgac cctggecgeg ccggaggegg cgggegaggt cgaacggetg 840
atcggecate cgetgecget gegectggac gecatcaceg gecccgagga ggaaggeggg 900
cgectggaga ccattetegg ctggecgetyg gecgagegea cegtggtgat tceecteggeg 960

atcceccacceg acccegegcaa cgtceggegge gacctcegace cgtecagcat ccccgacaag 1020
gaacaggcga tcagcgccct gcecggactac gecagecage ccggcaaacc gccgaaggac 1080
gagcta 1086
<210> SEQ ID NO 66

<211> LENGTH: 362

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 66

Pro Glu Gly Gly Ser Leu Ala Ala Leu Thr Ala His Gln Ala Cys His
1 5 10 15

Leu Pro Leu Glu Thr Phe Thr Arg His Arg Gln Pro Arg Gly Trp Glu
20 25 30

Gln Leu Glu Gln Cys Gly Tyr Pro Val Gln Arg Leu Val Ala Leu Tyr
35 40 45

Leu Ala Ala Arg Leu Ser Trp Asn Gln Val Asp Gln Val Ile Arg Asn
50 55 60

Ala Leu Ala Ser Pro Gly Ser Gly Gly Asp Leu Gly Glu Ala Ile Arg
65 70 75 80

Glu Gln Pro Glu Gln Ala Arg Leu Ala Leu Thr Leu Ala Ala Ala Glu
85 90 95

Ser Glu Arg Phe Val Arg Gln Gly Thr Gly Asn Asp Glu Ala Gly Ala
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Ala Asn Ala
115

Cys Ala Gly
130

Pro Thr Gly
145

Thr Arg Gly

Arg Gln Leu

Phe Leu Glu

195

Ser Gln Asp
210

Pro Ala Leu
225

Gly Arg Ile

Ser Leu Pro

Ala Ala Gly

275

Leu Asp Ala
290

Ile Leu Gly
305

Ile Pro Thr

Ile Pro Asp

Gln Pro Gly
355

<210> SEQ I
<211> LENGT.
<212> TYPE:

100

Asp Val Val Ser Leu

120

Pro Ala Asp Ser Gly

135

Ala Glu Phe Leu Gly
150

Thr Gln Asn Trp Thr

165

Glu Glu Arg Gly Tyr

180

Ala Ala Gln Ser Ile

200

Leu Asp Ala Ile Trp

215

Ala Tyr Gly Tyr Ala
230

Arg Asn Gly Ala Leu

245

Gly Phe Tyr Arg Thr

260

Glu Val Glu Arg Leu

280

Ile Thr Gly Pro Glu

295

Trp Pro Leu Ala Glu
310

Asp Pro Arg Asn Val

325

Lys Glu Gln Ala Ile

340

Lys Pro Pro Lys Asp

D NO 67
H: 1107
DNA

360

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 67

cccgagggcyg

actttcaccc

gtgcagcgge

gtgatcgeca

gagtcgcegg

gtccggcagg

acctgecegyg

gagcgcaact

acccgeggea

gagggaggcet

gtctteggeyg

gcagecctgge

gtcatcgeca

tggtecgeect

acgceetgge

agcaggcecg

gcaccggcaa

tegeegeagy

atcccactgg

cgcagaactyg

atgtgttegt

gggtgcgege

cgegetgace

gecgegegge

ctacctggeg

cagcceegge

tctggecety

cgacgaggec

tgaatgcgeg

cgceggagtte

gacggtggag

cggctaccac

gegeagecag

105

Thr

Asp

Asp

Val

Val

185

Val

Arg

Gln

Leu

Ser

265

Ile

Glu

Arg

Gly

Ser

345

Glu

Cys

Ala

Gly

Glu

170

Phe

Phe

Gly

Asp

Arg

250

Leu

Gly

Glu

Thr

Gly

330

Ala

Leu

Pro

Leu

Gly

155

Arg

Val

Gly

Phe

Gln

235

Val

Thr

His

Gly

Val

315

Asp

Leu

gegecaccagg

tgggaacaac

gegeggetgt

ageggceggey

accctggeceyg

ggcgcggceca

dgeccggcegy

cteggegacy

cggetgetee

ggcaccttee

gacctcegacyg

110

Val Ala Ala
125

Leu Glu Arg
140

Asp Val Ser

Leu Leu Gln

Gly Tyr His

190

Gly Val Arg
205

Tyr Ile Ala
220

Glu Pro Asp

Tyr Val Pro

Leu Ala Ala
270

Pro Leu Pro
285

Gly Arg Leu
300

Val Ile Pro

Leu Asp Pro

Pro Asp Tyr
350

cttgccacct
tggagcagtyg
cgtggaacca
acctgggega
cegecgagag
acgccgacgt
acagcggcga
geggegacgt
aggcgcaccyg
tcgaagcgge

cgatctggge

Gly Glu

Asn Tyr

Phe Ser
160

Ala His
175

Gly Thr

Ala Arg

Gly Asp

Ala Arg

240

Arg Ser
255

Pro Glu

Leu Arg

Glu Thr

Ser Ala
320

Ser Ser
335

Ala Ser

geegetggag
cggcetateceg
ggtcgaccag
agcgatcege
cgagcgette
ggtgagcctg
cgecectgety
cagcttcage
ccaactggag
gcaaagcatc

cggtttetat

60

120

180

240

300

360

420

480

540

600

660
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-continued
atcgeceggeg atccggeget ggectacgge tacgeccagg accaggaace cgacgcagec 720
ggceggatcee gcaacggtge cctgetgegyg gtetatgtge cgegetegag cctgecggge 780
ttctacgeca ccagectgac cctggecgeg ccggaggegg cgggcgaggt cgaacggetg 840
atcggecate cgetgecget gegectggac gecatcaceg gecccgagga gtcaggeggg 900
cgectggaga ccattetegg ctggecgetyg gecgagegea cegtggtgat tceecteggeg 960
atccccaccg acccgegeaa cgteggegge gacctegace cgtecageat ccccgacteg 1020
gaacaggcga tcagegecct gecggactac gccagecage ccggcaaacce gocgaaggac 1080
gagctagaag cttccggagg tcccgag 1107

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 68
H: 369
PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 68

Pro Glu Gly
1

Leu Pro Leu
Gln Leu Glu

35
Leu Ala Ala
Ala Leu Ala
65

Glu Ser Pro

Ser Glu Arg

Ala Asn Ala

115

Cys Ala Gly
130

Pro Thr Gly
145

Thr Arg Gly

Arg Gln Leu

Phe Leu Glu
195

Ser Gln Asp
210

Pro Ala Leu
225

Gly Arg Ile

Ser Leu Pro

Ala Ala Gly
275

Gly Ser Leu Ala Ala

Glu Thr Phe Thr Arg

20

Gln Cys Gly Tyr Pro

40

Arg Leu Ser Trp Asn

Ser Pro Gly Ser Gly

70

Glu Gln Ala Arg Leu

85

Phe Val Arg Gln Gly

100

Asp Val Val Ser Leu

120

Pro Ala Asp Ser Gly

135

Ala Glu Phe Leu Gly
150

Thr Gln Asn Trp Thr

165

Glu Glu Gly Gly Tyr

180

Ala Ala Gln Ser Ile

200

Leu Asp Ala Ile Trp

215

Ala Tyr Gly Tyr Ala
230

Arg Asn Gly Ala Leu

245

Gly Phe Tyr Ala Thr

260

Glu Val Glu Arg Leu

280

Leu

His

25

Val

Gln

Gly

Ala

Thr

105

Thr

Asp

Asp

Val

Val

185

Val

Ala

Gln

Leu

Ser

265

Ile

Thr

10

Arg

Gln

Val

Asp

Leu

90

Gly

Cys

Ala

Gly

Glu

170

Phe

Phe

Gly

Asp

Arg

250

Leu

Gly

Ala

Gln

Arg

Asp

Leu

75

Thr

Asn

Pro

Leu

Gly

155

Arg

Val

Gly

Phe

Gln
235
Val

Thr

His

His Gln Ala
Pro Arg Gly
30

Leu Val Ala
45

Gln Val Ile
60

Gly Glu Ala

Leu Ala Ala

Asp Glu Ala

110

Val Ala Ala
125

Leu Glu Arg
140

Asp Val Ser

Leu Leu Gln

Gly Tyr His

190

Gly Val Arg
205

Tyr Ile Ala
220

Glu Pro Asp

Tyr Val Pro

Leu Ala Ala
270

Pro Leu Pro
285

Cys His
15

Trp Glu

Leu Tyr

Ala Asn

Ile Arg
80

Ala Glu
95

Gly Ala

Gly Glu

Asn Tyr

Phe Ser
160

Ala His
175

Gly Thr

Ala Arg

Gly Asp

Ala Ala
240

Arg Ser
255

Pro Glu

Leu Arg
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Leu

Ile

305

Ile

Ile

Gln

Glu

<210>
<211>
<212>
<213>
<220>
<223>

Asp

290

Leu

Pro

Pro

Pro

Ala

Gly

Thr

Asp

Gly
355

Ile

Trp

Asp

Ser

340

Lys

PRT

ORGANISM:
FEATURE:
OTHER INFORMATION: ARL linker

<400> SEQUENCE:

18

Thr

Pro

Pro

325

Glu

Pro

SEQ ID NO 69
LENGTH:
TYPE :

Gly Pro
295

Leu Ala
310
Arg Asn

Gln Ala

Pro Lys

artificial

69

Glu

Glu

Val

Ile

Asp
360

Glu

Arg

Gly

Ser

345

Glu

Ser

Thr

Gly

330

Ala

Leu

Gly Gly Arg Leu

300
Val Val
315
Asp Leu

Leu Pro

Glu Ala

Ile

Asp

Asp

Ser
365

Pro

Pro

Tyr

350

Gly

Glu

Ser

Ser

335

Ala

Gly

Thr

Ala

320

Ser

Ser

Pro

Gly Ser Thr Ser Gly Ser Gly Lys Pro Gly Ser Gly Glu Gly Ser Thr

1

Lys

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Lys Asp Glu Leu

1

<210>
<211>
<212>
<213>
<220>
<223>

Gly

PRT

ORGANISM:
FEATURE:
OTHER INFORMATION:

SEQUENCE :

PRT

ORGANISM:
FEATURE:
OTHER INFORMATION: G4S linker

<400> SEQUENCE:

5

SEQ ID NO 70
LENGTH: 4
TYPE :

artificial

70

SEQ ID NO 71
LENGTH: 5
TYPE :

artificial

71

Gly Gly Gly Gly Ser

1

<210>
<211>
<212>
<213>
<220>
<223>

PRT

ORGANISM:
FEATURE:
OTHER INFORMATION:

<400> SEQUENCE:

Glu Ala Ser Gly Gly Pro Glu

1

<210>
<211>
<212>
<213>
<220>
<223>

PRT
ORGANISM:
FEATURE:

OTHER INFORMATION: C-terminal of PE38

5

SEQ ID NO 72
LENGTH: 7
TYPE :

artificial

72

5

SEQ ID NO 73
LENGTH: 5
TYPE :

artificial

10

seven amino acid linker

15

endoplasmic reticulum retention sequence
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112

-continued

<400> SEQUENCE: 73
Arg Glu Asp Leu Lys
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 74
LENGTH: 18
TYPE: PRT
ORGANISM:
FEATURE:
OTHER INFORMATION:

artificial
linker peptide
<400>

SEQUENCE: 74

Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Gly Gly Ser Ser Arg

1 5 10

Ser Ser

15

What is claimed is:

1. The hybridoma identified herein as Hybridoma Clone 7.

2. The monoclonal antibody produced by Hybridoma
Clone 7.

3. A single-chain variable-fragment (scFv) constructed
from a monoclonal antibody produced by Hybridoma Clone
7, wherein the scFv comprises the amino acid sequence of
SEQ ID NO:47, SEQ 1D NO:48, SEQ ID NO:49, SEQ 1D
NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53,
SEQ ID NO:54, SEQ ID NO:55, or SEQ ID NO:58.

4. The scFv of claim 3 wherein the scFv comprises the
amino acid sequence of SEQ ID NO:58.

5. A composition comprising the monoclonal antibody of
claim 2.

6. A composition comprising the scFv of claim 3.

7. A fusion polypeptide comprising:

a targeting moiety comprising the monoclonal antibody
produced by Hybridoma Clone 7 or a single-chain vari-
able-fragment (scFv) thereof; and

a toxin moiety comprising a therapeutically active portion
of a cytolytic toxin.

8. The fusion polypeptide of claim 7 wherein the toxin

moiety is deimmunized.

9. A composition comprising:

a first fusion polypeptide of claim 7; and

a second fusion polypeptide comprising:

a second fusion polypeptide of claim 7 or

a fusion polypeptide comprising a monoclonal antibody
or scFv thereof that specifically binds to a second
marker differentially expressed by cancer stem cells.

10. The composition of claim 9 wherein the second marker
differentially expressed by cancer stem cells comprises
CD133.

11. The composition of claim 9 wherein the second marker
differentially expressed by cancer stem cells comprises
EGFR.

20
12. A method comprising:

administering to a subject in need of such treatment a
therapeutically effective amount of:

the monoclonal antibody produced by Hybridoma Clone 7
or a single-chain variable-fragment (scFv) thereof;

a fusion polypeptide comprising:

a targeting moiety comprising the monoclonal antibody
produced by Hybridoma Clone 7 or a single-chain
variable-fragment (scFv) thereof; and

a toxin moiety comprising a therapeutically active por-
tion of a cytolytic toxin; or

a composition comprising the monoclonal antibody pro-
duced by Hybridoma Clone 7, a scFv thereof, or the
fusion polypeptide.

13. The composition of claim 5 further comprising a nano-

35 particle coupled to the monoclonal antibody.

14. The composition of claim 6 further comprising a nano-
particle coupled to the scFv.

15. A composition comprising;

a detectable marker coupled to:

the monoclonal antibody produced by Hybridoma Clone 7
or a single-chain variable-fragment (scFv) thereof.

16. A method comprising:

contacting the composition of claim 15 with at least one
cell that expresses CD133; and

detecting a complex comprising at least a portion of the
composition specifically bound to the at least one cell
that expresses CD133.

17. The method of claim 16 wherein the contacting com-
prises administering the composition to a subject comprising
50 cancer stem cells that express CD133.

18. The method of claim 17 wherein detecting a complex
comprising at least a portion of the composition specifically
bound to the at least one cell that expresses CD133 indicates
that the subject has or is at risk of having a neoplastic condi-

55 tion.

25

30

40

45



